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The work reported herein details the synthesis, as well as the photophysical 
and photochemical analysis, of novel unsubstituted benzophenone-, methoxy 
substituted benzophenone-, pyrrolidine substituted benzophenone-, fluorenone-, 
anthraquinone-, phenyl-, naphthyl- and anthracenyl-based photosensitive 
alkoxyamines for potential application in nitroxide-mediated photopolymerization.  
The high photochemical stability of the isoindoline class of nitroxide was 
exploited within the structural design. Fusion of the isoindoline motif into the 
examined chromophores afforded photosensitive alkoxyamines with high 
photochemical stabilities of their corresponding nitroxides under UV and visible 
light irradiation. Furthermore, incorporation of the isoindoline motif facilitated 
efficient energy transfer between chromophore and alkoxyamine motifs, whilst 
exerting minimal influence on the photophysical properties of the investigated 
chromophores. 
A range of synthetic methodologies were employed to incorporate the 
isoindoline motif within the photosensitive alkoxyamine design. Underlying much of 
this approach, lithium-halogen exchange of the key synthetic intermediate, 2-
methoxy-5-bromo-1,1,3,3-tetramethylisoindoline, followed by quenching with an 
appropriately substituted benzaldehyde or anhydride, permitted access to the 
unsubstituted benzophenone- (15 - 16% overall yield, 9 steps), methoxy substituted 
benzophenone- (15% overall yield, 9 steps), pyrrolidine substituted benzophenone- 
(9% overall yield, 10 steps), fluorenone- (4% overall yield, 10 steps) and 
anthraquinone- (6% overall yield, 9 steps) based alkoxyamines. Furthermore, 
reduction of the anthraquinone-based system provided convenient, albeit low 
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yielding, access to the anthracenyl-based alkoxyamines (3% overall yield, 11 steps). 
Whilst conventional isoindoline syntheses were employed to furnish novel phenyl- 
(21 - 23% overall yield, 5 steps) and naphthyl- (33% overall yield, 5 steps) based 
photosensitive alkoxyamines. 
Photochemical investigation of the examined alkoxyamines highlighted two 
new classes of photosensitive alkoxyamines which displayed highly desirable photo-
dissociation efficiencies to afford nitroxide and alkyl radicals under UV and visible 
light irradiation. Specifically, styrenic, methacrylic and acrylic naphthyl-based 
alkoxyamines, as well as, styrenic and methacrylic anthraquinone-based 
alkoxyamines demonstrated near quantitative yields of photo-dissociation under UV 
and visible light irradiation respectively. The high yields of photo-dissociation 
obtained for the naphthyl- and anthraquinone-based systems, as well as the high 
photochemical stability of their corresponding nitroxides, indicate these new classes 
of photosensitive alkoxyamines are highly relevant candidates for further 
investigation within a photopolymerization context. 
Furthermore, photochemical investigation of the benzophenone-, fluorenone- 
and anthraquinone-based alkoxyamines has implicated photoinduced electron 
transfer as a key photochemical process preceding alkoxyamine bond homolysis. 
Moreover, in combination with efficient photoinduced electron transfer processes, 
the excited state energy of the incorporated chromophores was found to be a 
fundamental parameter governing the photo-dissociation efficiencies of 
photosensitive alkoxyamines, particularly in overcoming the high bond dissociation 
energies of acrylic alkoxyamine bonds. Increased understanding of the mechanisms 
underlying photo-dissociation will aid in the future design of photosensitive 




Les travaux décrits dans cette thèse portent sur la synthèse ainsi que l’étude 
physico-chimique et photo-chimique de plusieurs séries de nitroxydes et 
d’alcoxyamines photosensibles fonctionnalisées par des chromophores de type 
benzophénone, fluorènone, anthraquinone, phényle, naphtyle et anthracényle. En 
particulier, nous avons focalisé notre effort sur l’introduction de ces chromophores 
sur un nitroxyde dérivé d’un noyau isoindoline connu pour sa stabilité photo-
chimique. De plus, grâce à une conformation spécifique, la présence du motif 
isoindoline facilite le transfert d'énergie entre le chromophore et la liaison C-ON de 
l’alcoxyamine destinée à s’homolyser. Il faut préciser que l’introduction de ces 
chromophores ne modifie pratiquement pas leurs propriétés photo-chimiques. Pour 
l’ensemble des nitroxydes préparés les alcoxyamines portant un fragment de type 
styryle, méthacrylyle, et acrylyle ont été systématiquement synthétisés et étudiés.  
Afin de préparer les nitroxydes précités nous avons mis au point une 
méthodologie basée sur une réaction d’échange lithium-halogène à partir de 
l’intermédiaire 2-méthoxy-5-bromo-1,1,3,3-tétraméthylisoindoline comme étape clé, 
suivie d’une réaction avec l’aldéhyde correspondant. Ainsi, nous avons pu accéder à 
un dérivé benzophénone (15 - 16% de rendement global en 9 étapes), un dérivé 
benzophénone substitué par un méthoxy (15% de rendement global en 9 étapes), un 
dérivé benzophénone substitué par un motif pyrrolidine (9% de rendement global en 
10 étapes), un dérivé de la fluorènone (4% de rendement global en 10 étapes) et enfin 
un dérivé de l’anthraquinone (rendement global de 6% en 9 étapes). De manière 
intéressante, la réduction du composé à base d'anthraquinone permet de conduire aux 
alcoxyamines fonctionnalisées par un chromophore anthracényle (3% de rendement 
global en 11 étapes). Enfin, les alcoxyamines portant les chromophores phényle (21 - 
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23% de rendement global en 5 étapes) et naphtyle (33% de rendement global en 5 
étapes) ont été préparées selon le protocole déjà reporté pour la synthèse des 
nitroxydes de type isoindoline. Dans chaque cas, la synthèse des alcoxyamines 
correspondantes a été effectuée par une réaction d’addition radicalaire par transfert 
d'atome. 
L’étude de la photo-dissociation des alcoxyamines préparées a ensuite été 
conduite par résonance paramagnétique électronique. Les résultats obtenus mettent 
en évidence deux nouvelles classes d’alcoxyamines photosensibles qui présentent 
une efficacité remarquable de photo-dissociation homolytique pour donner les 
radicaux nitroxyle et alkyle correspondant sous UV et irradiation de lumière visible. 
En effet, les alcoxyamines de type naphtyle et anthraquinone ont donné des 
rendements de dissociation homolytique quantitatifs sous irradiation UV et visible, et 
ce, quel que soit le fragment alkyle libéré (i.e. styryle, méthacrylyle, acrylyle). De 
plus, nous avons également montré que les nitroxydes portant les chromophores 
naphtyle et anthraquinone présentent une stabilité photochimique élevée. Ainsi, 
l’analyse de ces résultats suggère que les alcoxyamines dérivées de ces deux 
nitroxydes présentent toutes les caractéristiques requises pour être des candidats 
performants en photopolymérisation radicalaire contrôlée en présence de nitroxydes. 
D’après nos études il apparaît que l’efficacité d’homolyse photo-chimique des 
alcoxyamines étudiées serait due à un transfert d’électron photo-induit à partir du 
chromophore à l’état excité. Ainsi, grâce à la combinaison d’un processus de 
transfert d'électrons photo-induit avec une valeur d’énergie élevée des chromophores 
à l'état excité nous avons obtenu, pour la première fois, une photo-dissociation 
homolytique très efficace d’alcoxyamines portant un fragment alkyle de type 
acrylique. Une meilleure compréhension des mécanismes intervenant lors de ces 
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réactions de photo-dissociation devrait contribuer à la conception de nouvelle 
alcoxyamines photosensibles toujours plus performantes en vue de leur utilisation 
dans le domaine de la photopolymérisation radicalaire contrôlée par les nitroxydes. 
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1 Chapter 1 Literature Review 
 This chapter provides a broad review of the major techniques utilized for 
photopolymerization. Section 1.1 outlines early methodologies utilized for uncontrolled 
photopolymerizations, as well as advances toward controlled photopolymerization 
systems. Section 1.2 outlines more recent advances in controlled photopolymerization 
methodologies, with a comprehensive review of contributions made in the literature 
regarding nitroxide-mediated photopolymerization, prior to the commencement of this 
project. Reference to more recent works is made throughout this thesis. Finally, Section 
1.3 discusses the key features from this review that have impacted on the work reported 
herein. 
1.1 Photopolymerization 
Photopolymerization has widespread impact, ranging from long-established 
applications such as coatings, inks and adhesives, to more contemporary applications 
including microelectronics, laser direct imaging technology, 3D printing as well as 
dental and medical applications.1-6  
Traditionally, photopolymerization has been achieved through the use of a 
photoinitiator, which, upon absorption of UV or visible light irradiation leads to the 
generation of two radical species, at least one of which initiates polymerization. This 
process is typically achieved via one of two pathways, namely Norrish type I and 
type II processes.2,5,6  
A Norrish type I process is characterized by the photochemical 
decomposition of a photoinitiator, commonly an aromatic carbonyl, to generate two 
radical species (Scheme 1.1). Photolysis of the carbonyl to α-carbon carbon bond can 
2 
 
occur from excited singlet or triplet states, provided that the α-carbon is not involved 
in an aromatic system, as dissociation to afford aryl radicals is generally 
disfavoured.6  
 
Scheme 1.1: Norrish type I process 
Whilst diaryl carbonyl-based compounds do not typically undergo α-cleavage 
from the excited singlet or triplet states, they do undergo Norrish type II processes 
(Scheme 1.2).6,7 The Norrish type II process occurs via hydrogen atom transfer 
(HAT) from a sufficiently labile HAT donor to the excited triplet state diaryl 
carbonyl. This process results in the formation of two radical species, a ketyl radical 
arising from the excited state carbonyl and a radical species derived from the HAT 
donor. Typically, radical species derived from the HAT donor initiate 
polymerization, whilst the ketyl radical, stabilized by steric and electronic effects, 
impedes polymerization through chain termination processes.  
 
Scheme 1.2: Norrish type II process 
 To overcome ketyl radical derived chain termination processes multi-component 
systems have been examined. Notably, the addition of iodonium salts has been shown to 
facilitate regeneration of the photoinitiator following HAT processes.8 Within a 
polymerization medium, regeneration of the carbonyl moiety reduces the potential for 
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chain termination processes originating from the ketyl radical, whilst concomitantly 
facilitating further HAT processes to initiate additional polymer chains.  
 Through both Norrish type I and type II processes, the polymerization of a range 
of monomers can be initiated by the generated radical species.2,5,6,9 Polymerization then 
proceeds through uncontrolled mechanisms, terminating only when the radical 
intermediates are rendered inactive through bimolecular reactions. Accordingly, there is 
no possibility to control the final polymer properties or the architecture of the generated 
polymers.6 
 The first example of a controlled photopolymerization process under UV 
irradiation was provided by Otsu et al.10,11 In his seminal work, a dithiocarbamate 
compound (1) was presented which could be used to initiate, transfer and terminate 
polymer growth (photoiniferter) under UV irradiation (Figure 1.1). This marked an 
important advance in photopolymerization, as reinitiation of the generated polymers 
permitted access to complex polymer architectures.12 
 
Figure 1.1: Photoiniferter proposed by Otsu et al.10,11 
 However, whilst the photoiniferters presented by Otsu et al. represented an 
important advance in controlled photopolymerization, it was later found that the 
generated dithiocarbamyl radicals could dimerize and initiate extra chains, thereby 
limiting the control over polymerization (Scheme 1.3).12 Despite an imperfect control 
over the polymerization, the photoiniferters presented by Otsu et al. found niche 
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applications within a surface modification setting, which served to highlight the potential 
of the controlled photopolymerization process.12  
 
Scheme 1.3: Process of photoiniferter controlled polymerization and side reaction pathways 
 More recently, a range of controlled photopolymerization systems have been 
investigated. The fundamental strategy consists of avoiding the instantaneous initiation, 
propagation and termination steps by reversibly deactivating the growing polymeric 
chains. Notably, cobalt-mediated radical polymerization (CMRP),13 tellurium-mediated 
radical polymerization (TERP)14 and iodine-transfer polymerization (ITP)15 have each 
been examined within a photochemical context.  
 CMRP has been achieved under both UV and visible light irradiation through the 
use of porphyrin-Co and Co(acac)2 complexes.16,17 Porphyrin-Co complexes 
demonstrated high control over the photopolymerization of acrylates and acrylamides 
(Mw/Mn = 1.1 - 1.3) under visible light irradiation.16 Furthermore, Kermagoret et al. 
investigated the cobalt-mediated process under continuous flow reactor conditions with a 
Co(acac)2 complex.17 A high control over the polymerization of vinyl acetate (Mw/Mn = 
1.28 at 30% conversion) under UV irradiation was obtained.17 The industrial relevance 
of the cobalt-mediated photochemical process was established.17 A considerable 
enhancement of the polymerization rate was obtained when the polymerization was 
performed in a continuous flow reactor compared with bulk polymerizations (7.5-fold 
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increase in conversion after 2 hours), demonstrating an important scalability of the 
cobalt-mediated process.17 
 Benzoyl phenyltelluride (BPT) has recently been shown to be an efficient TERP 
system under visible light irradiation. BPT facilitated the controlled polymerization of 
acrylates and acrylamides with low polymer dispersities (Mw/Mn = 1.2 - 1.3) under 
visible light irradiation.18 When compared to a reference benzyl dithiocarbamate 
compound, analogous to that reported by Otsu et al.,12 BPT demonstrated a significant 
improvement over the reference benzyl dithiocarbamate, where the polymerization of 
acrylates and acrylamides furnished polymers with high dispersities (Mw/Mn = 1.7 - 
1.8).18 
 The effect of UV irradiation on ITP has also been examined. The polymerization 
of n-butyl methacrylate under UV irradiation in the presence of both a photoinitiator and 
an iodo chain-transfer agent was investigated.19 A significant improvement in the 
polymer dispersity was obtained under UV irradiation (Mw/Mn = 1.1), compared to the 
polymer dispersities obtained under analogous thermally-based systems (Mw/Mn = 1.5). 
In combination with the degenerative chain-transfer mechanism, operable under thermal 
conditions, the authors identified C-I bond cleavage under UV irradiation, leading to the 
formation of free iodine and ultimately to the involvement of a reversible termination 
mechanism. The reversible termination mechanism was proposed to account for the 
increased control over the polymerization under UV irradiation.19 
 Following similar reversible activation/deactivation processes, each of the most 
prominent thermally-based controlled radical polymerization techniques: Reversible 
Addition-Fragmentation chain-Transfer (RAFT),20 Atom Transfer Radical 
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Polymerization (ATRP)21 and Nitroxide-Mediated Polymerization (NMP),22 have each 
been examined within a photochemical context.  
1.2 Application of Controlled Thermal Polymerization Methodologies to 
Photopolymerization 
1.2.1 Reversible Addition-Fragmentation Chain-Transfer 
Photopolymerization 
RAFT polymerizations utilize thiocarbonylthio compounds as chain transfer 
agents to mediate the polymerization of conventional radical polymerization 
systems.20,23 Polymerization is initiated by a free radical source, which either by 
thermolysis or photolysis, generates two radical species. The propagation of these 
radical species leads to growing polymeric chains. Control over this process is 
obtained by the reversible deactivation of the polymeric chains through interaction 
with the RAFT agent, allowing for the controlled addition of monomers to a growing 
polymeric chain (Scheme 1.4).20,23 
 
Scheme 1.4: General RAFT polymerization mechanism 
RAFT photopolymerization has been achieved through the combination of 
RAFT agents with type I and type II photoinitiators. Photochemical generation of 
radical species derived from type I or type II processes initiates polymerization, 
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while the RAFT agent independently mediates the polymerization.24 Whilst this 
process allows for a controlled polymerization, the external radical source leads to 
enhanced chain termination processes.  
More recently, a powerful addition to RAFT photopolymerization has been 
presented.25 Photoinduced electron transfer (PET) has been employed to facilitate the 
efficient photopolymerization of monomers over a broad range of molecular weights 
(1000 to 2000000 g.mol-1) with narrow molecular weight distributions (Mw/Mn < 
1.3).25 This approach negates the need of external radical sources as PET facilitates 
cleavage of the RAFT agent to generate the initiating radical species.25 PET-RAFT 
polymerizations were shown to be remarkably efficient, requiring ppm levels of 
photoredox catalyst relative to the monomer, under low energy visible light 
irradiation.25 Additionally, whilst radical polymerizations are sensitive to the 
presence of molecular oxygen, necessitating the exclusion of molecular oxygen from 
a polymerization medium, PET processes were found to consume molecular oxygen, 
thereby avoiding the need to exclude molecular oxygen from the polymerization 
medium (Scheme 1.5).25  
 
Scheme 1.5: Photosensitized RAFT polymerization mechanism 
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The versatility of this approach has been demonstrated by the range of 
photoredox catalysts that have been employed. In addition to the iridium complexes 
initially investigated, a growing range of photoredox catalysts have been employed 
in PET-RAFT polymerizations. Organic dyes such as fluorescein, rhodamine, nile 
red and methylene blue have each been employed as photoredox catalysts for PET-
RAFT polymerizations.26 The use of common organic photoredox catalysts provides 
a convenient alternative to the expensive iridium complexes initially investigated. 
Furthermore, when eosin Y was employed as the photoredox catalyst, a similar 
insensitivity to molecular oxygen was observed in the presence of triethylamine as a 
sacrificial electron donor.26  
More recently, porphyrins have been employed as the photoredox catalyst for 
PET-RAFT polymerizations.27 The use of chlorophyll facilitated the polymerization 
of a range of monomers under low energy excitation wavelengths (635 nm).27 The 
excitation energy was further reduced with the bio-photocatalyst bacteriochlorophyll 
a (Bachl a).28 Bachl a facilitated the first controlled radical polymerization under far 
red (780 nm) and near IR (850 nm) irradiation.28 Photopolymerizations performed 
under near IR irradiation are particularly advantageous, as wavelengths in this range 
avoid internal filter effects allowing for deep penetration within the polymerization 
medium. 
1.2.2 Atom Transfer Radical Photopolymerization 
ATRP utilizes transition metal catalysts to temporarily activate/deactivate 
growing polymeric chains, thereby affording control over the polymerization 




Scheme 1.6: General ATRP mechanism 
For a controlled polymerization there are a number of restrictions placed on 
the transition metal catalyst. The transition metal catalyst must possess two 
accessible oxidation states separated by one electron, an affinity for halogens and an 
expandable coordination sphere when oxidized so as to accommodate the halogen.21 
Furthermore, for the polymerization of a desired monomer, consideration must be 
given to the choice of catalyst, initiator, solvent and temperature. Each variable can 
have a large impact on the properties of the resulting polymers.21  
With consideration to the above features, the polymerization of a range of 
monomers can be obtained with high control over the molecular weight distributions. 
Furthermore, as the polymerization proceeds through reversible 
activation/deactivation processes, a range of complex polymer architectures can be 
obtained.21 
The effect of light irradiation on ATRP processes has been examined. Two 
distinct mechanisms of photo-ATRP have emerged: photoinitiated and photoredox 
ATRP.29 While both mechanisms maintain the fundamental ATRP control 
mechanism, the underlying photochemical processes differ between each mechanism 




Scheme 1.7: Photo-ATRP mechanisms 
Photoinitiated ATRP proceeds through photochemical decomposition of a 
photoinitiator to generate two radical species, through either type I or type II 
processes.29 The generated radical species reduce Cu(II) to the Cu(I) polymerization 
activator. Equilibrium between active and dormant species proceeds through 
continued regeneration of the Cu(I) activator by the photochemically derived radical 
species. In this case, the photoinitiator acts as an initiator for continuous activator 
regeneration (ICAR-ATRP) (Scheme 1.7).29  
Unlike photoinitiated ATRP, photoredox ATRP proceeds through PET 
processes (Scheme 1.7).29 PET facilitates reduction of Cu(II) to generate the Cu(I) 
activator species through an activator regenerated by electron transfer process 
(ARGET-ATRP). Irradiation of the Cu(II) deactivator species leads to an excited 
state, which in the presence of an electron donor facilitates photochemical reduction 
of Cu(II) to generate the Cu(I) polymerization activator.29 Early investigations into 
this process found that upon UV irradiation polymerization rates were increased, 
which was assigned to enhanced oxidative processes between the redox states of the 
metal centre.30 Photoredox catalysts have also been employed to facilitate 
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photochemical reduction of Cu(II) to generate the Cu(I) polymerization activator 
species.31  
Yagci et al. compared both photoinitiated and photoredox ATRP with a type I 
photoinitiator and photoredox catalysts under similar experimental conditions.31 
Polymerizations performed with the photoredox catalysts eosin Y and erythrosine B 
evidenced linear increases in molecular weights with conversion. However, the 
experimentally obtained molecular weights were significantly higher than the 
theoretical values. Furthermore, the molecular weight distributions were relatively 
high (Mw/Mn = 1.28 - 1.60), demonstrating only a moderate control over the 
polymerization. In contrast, bis(2,4,6-trimethylbenzoyl)phenylphosphine oxide 
(BAPO) photoinitiated polymerizations afforded polymers with molecular weights 
much closer to the theoretical values. Furthermore, the BAPO system evidenced high 
control over the polymerization with narrow molecular weight distributions obtained 
(Mw/Mn = 1.11 - 1.18).31  
More recently, ATRP has been achieved without the use of a transition metal 
activator/deactivator species. The organic photoredox catalyst 10-
phenylphenothiazine (PTH) was found to be an efficient ATRP agent under UV 
irradiation.32 Photopolymerizations of methyl methacrylate mediated by PTH 
demonstrated high control over molecular weight distributions (Mw/Mn = 1.18 - 
1.32), as well as retention polymer chain end group functionality. Moreover, as 
typical ATRP initiators were employed, the PTH system could be combined with 
conventional ATRP and iridinium-based ATRP systems, providing high synthetic 
versatility of the PTH system. Importantly, the exclusion of a transition metal 
catalyst in the PTH system avoids the potential for toxic metal contamination of the 
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generated polymers, which is a limiting factor of conventional transition metal-based 
ATRP processes. 
1.2.3 Nitroxide-Mediated Photopolymerization 
NMP occurs through the homolysis of an alkoxyamine bond to generate a 
reactive carbon centred radical to initiate polymerization and a stable nitroxide 
radical which serves as the controlling agent.22 Propagation of the polymer chain 
then proceeds through reversible deactivation of the growing macroalkoxyamine. 
Control over the polymerization is obtained by the establishment of a dynamic 
equilibrium between reactive (radical) and dormant (alkoxyamine) states, limiting 
the instantaneous radical concentration, thereby reducing the potential for side 
reactions such as chain transfer or dimerization of polymer chains (Scheme 1.8).22 
 
Scheme 1.8: General NMP mechanism 
 Whilst this process has typically been achieved under thermal conditions, 
required for homolysis of the alkoxyamine bond, numerous attempts have been made to 
confer the controlled nature of polymerization to a photopolymerization context. 
1.2.3.1  Bi-Component Photosensitized Alkoxyamines 
In its conception, the earliest examples in the literature regarding the potential 
application of a nitroxide-mediated photopolymerization (NMP2) process focussed 
on the intermolecular photosensitization of alkoxyamine moieties by excited 
chromophore states. Scaiano et al. first investigated the intermolecular processes of a 
series of TEMPO-based alkoxyamines (2 - 6) (Figure 1.2) (where TEMPO is 2,2,6,6-
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tetramethylpiperidin-1-yloxyl) photosensitized by excited xanthone triplet and 
pyrene singlet states.33 Whilst quenching of excited states was observed through laser 
flash photolysis (LFP), few alkyl radicals were detected and exclusively in the 
presence of xanthone.  
 
Figure 1.2: Alkoxyamines examined by Scaiano et al.33 
Similarly, Gigmes et al. later examined the intermolecular processes of N-
tert-butyl-N-(1-diethylphosphono-2,2-dimethylpropyl)-N-oxyl (SG1) related 
alkoxyamines (7 - 9) (Figure 1.3) photosensitized by benzophenone and 
isopropylthioxanthone chromophores.34 
 
Figure 1.3: Alkoxyamines examined by Gigmes et al.34 
Though LFP and EPR spectroscopic analyses were found to support NO-C 
cleavage, a controlled NMP2 process was made unattainable due to consumption of 
the nitroxide. Nitroxide consumption was proposed to be attributed to the production 
of detrimental ketyl radicals and photosensitizer induced oxidation of the nitroxide 




Scheme 1.9: Photosensitizer induced ketyl radical formation and nitroxide oxidation 
1.2.3.2  Photosensitive Alkoxyamines 
Expanding on the seminal works of Scaiano et al.,33 Neckers et al. explored 
the intramolecular processes of TEMPO-based alkoxyamines covalently bound to 
benzophenone (10 and 11), benzoylformate (12) and xanthone (13) chromophores 
(Figure 1.4).35  
 
Figure 1.4: Photosensitive alkoxyamines examined by Neckers et al.35 
Whilst significant quenching of excited states was observed through LFP, the 
detection of alkyl radicals proved difficult. Direct detection of alkyl radicals through 
EPR spectroscopic analyses was only achieved in the presence of the xanthone-
bearing alkoxyamine (13). It should be noted that the excited triplet state energy of 
xanthone exceeds the excited triplet state energies of both benzoylformate and 
benzophenone chromophores.35 This increased excited state energy could therefore 
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facilitate a more efficient homolysis of the xanthone-bearing alkoxyamine compared 
with the benzophenone- and benzoylformate-bearing alkoxyamines.35 
When the xanthone-bearing alkoxyamine (13) was applied to the 
polymerization of methyl methacrylate (MMA) it was found that the number-average 
molecular weight (Mn) was linked to the amount of initiating alkoxyamine, thus 
meeting one of the criteria of a controlled polymerization. However, the final 
polymers were unreactive to irradiation conditions indicating that the generated 
polymers lacked the alkoxyamine functionality.35 
Continuing in this approach, Maretti et al. later explored a TEMPO-based 
alkoxyamine covalently attached to a quinoline chromophore (14) (Figure 1.5).36 
 
Figure 1.5: Quinoline-bearing photosensitive alkoxyamine examined by Maretti et al.36 
Irradiation of 14 revealed a first-order increase of the nitroxide concentration, 
in agreement with unimolecular decomposition of the alkoxyamine. However, when 
a preliminary photopolymerization experiment was performed, only 10% conversion 
of styrene with a number-average molecular weight (Mn) of 2700 g.mol-1 and 
polymer dispersity (Mw/Mn) of 1.60 was obtained after two hours of UV irradiation, 
indicating a poor nitroxide generation efficiency.36 
In an attempt to overcome the energy transfer inefficiencies of previous 
works, Gigmes et al. explored the direct attachment of alkoxyamine and 
chromophore components (15) (Figure 1.6), such that the photochemical and 
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photophysical properties of the chromophore could impart greater influence over 
alkoxyamine homolysis.37 
 
Figure 1.6: Alkoxyamine comprising direct attachment of chromophore and alkoxyamine 
components 
LFP experiments performed on 15 revealed a singlet state cleavage and to a 
minor extent a possible triplet state cleavage, as well as a significant reduction of the 
triplet state lifetime.37 However, EPR spectroscopic analyses of 15 under direct UV 
irradiation within the EPR cavity revealed the presence of both nitroxide (16) and 
aminyl (17) radicals arising from competitive NO-C (Scheme 1.10, a) and N-OC 
(Scheme 1.10, b) homolyses. Spin trapping experiments employing α-phenyl-N-tert-
butyl nitrone as both the alkyl and alkoxyl radical scavenger further validated this 
assignment, with spin adducts attributable to both alkyl (18) and alkoxyl (19) radicals 
observed through EPR spectroscopy. 
 
Scheme 1.10: Competitive cleavage processes of 15 under UV irradiation 
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However, despite competitive NO-C and N-OC homolyses under UV 
irradiation, when 15 was applied to the photopolymerization of n-butyl acrylate a 
linear increase of the poly(n-butyl acrylate) chain was observed, reaching 80% 
conversion after 500 seconds of UV irradiation. Furthermore, a large portion of the 
polymeric chains were found to be linked to the chromophoric group indicating a 
partial controlled character. Subsequent reinitiation experiments, reaching 30% 
conversion after 300 seconds of irradiation confirmed a portion of the generated 
polymers contained the alkoxyamine functionality, demonstrating the first example 
of an NMP2 process with at least a partial controlled character.37  
These results demonstrated that the photochemical and photophysical 
properties of photosensitive alkoxyamines could be enhanced through directly 
attached chromophore and alkoxyamine components. However, the inherent 
potential for the formation of a stabilized aminyl radical (17), resulting in 
competitive NO-C and N-OC homolyses led to polymers with high dispersities 
(Mw/Mn = 3.9 at 80% conversion), limiting the applicability of 15 to NMP2.  
Density functional theory calculations performed on 15 revealed the 
difference in the calculated bond dissociation energies (BDE) between NO-C (122.1 
kJ.mol-1) and N-OC (143.0 kJ.mol-1) homolyses to be relatively small (ΔBDE = 20.9 
kJ.mol-1).38 Accordingly, a spacer of one or more carbon atoms between 
alkoxyamine and chromophore components was proposed in order to limit the 
potential for competitive NO-C and N-OC homolyses. It was shown that for a library 
of alkoxyamines (20 - 25) (Figure 1.7) the introduction of a spacer increased the 
ΔBDE (≥ 50 kJ.mol-1) compared to analogous directly linked chromophore-bearing 
alkoxyamines. Furthermore, EPR spectroscopic analyses of 23 under direct UV 
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irradiation evidenced a selective NO-C homolysis, highlighting the importance of the 
incorporation of a spacer between chromophore and alkoxyamine components.  
 
Figure 1.7: Alkoxyamines incorporating a linker between chromophore and alkoxyamine 
components 
Moreover, when 23 was applied to the polymerization of n-butyl acrylate a 
linear increase in conversion was observed, reaching 45% conversion after 1000 
seconds of irradiation. Furthermore, a linear increase of the Mn with conversion was 
also observed. Subsequent reinitiation experiments confirmed that a portion of the 
generated polymers possessed the alkoxyamine functionality, facilitating the 
application of 23 to a homogeneous acrylate-based film that was reinitiated to 
prepare a covalently bound multi-layered film.  
To further explore the impact of the distance between chromophore and 
alkoxyamine components on homolysis, Lalevée et al. later evaluated a series of 
benzophenone-bearing alkoxyamines with one (15), two (23 and 24), four (26 and 
27) and six (11) bonds separating alkoxyamine and chromophore components 




Figure 1.8: Alkoxyamines linked to chromophores through four bonds 
EPR spectroscopic analyses of alkoxyamines linked to chromophores through 
one (15), two (23 and 24) and six (11) bonds evidenced the presence of nitroxide 
radicals, confirming alkoxyamine bond homolyses under UV irradiation. 
Furthermore, LFP revealed a significant reduction of the triplet state lifetimes (0.2 - 
1.5 μs) compared to the lifetime of the parent benzophenone excited triplet state (~5 
μs), supporting alkoxyamine homolysis from the excited triplet state. However, the 
triplet lifetimes of alkoxyamines linked to chromophores through four bonds (26 and 
27) were increased (2.2 - 2.5 μs), indicating a less efficient photosensitization 
process. Furthermore, the EPR signals of 26 and 27 did not increase over time 
demonstrating the lower nitroxide generation efficiency of alkoxyamines linked to 
chromophores through four bonds.  
The calculated BDE and triplet energy levels (ET) of 11, 15, 23, 24, 26 and 27 
revealed that in each case the cleavage processes were expected to be highly 
exothermic (i.e. ET >> NO-C BDE). However, the nitroxide generation efficiencies 
of alkoxyamines linked to chromophores through one (15), two (23 and 24), four (26 
and 27) and six (11) bonds differed substantially. In the case of 15, where the 
alkoxyamine and chromophore were linked through one bond, rapid alkoxyamine 
homolysis through competitive NO-C and N-OC cleavage processes was observed. 
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Whilst for 23 and 24, where the alkoxyamines and chromophores were linked 
through two bonds, the cleavage processes were found to be selective toward NO-C 
homolysis, albeit that the rates of photolysis were slower than that of 15. 
Furthermore, the cleavage process of 11, where the alkoxyamine and chromophore 
were linked through six bonds, was found to be selective toward NO-C homolysis. 
However, despite similar light absorptivities to 23 and 24 the nitroxide generation 
efficiency of 11 was significantly reduced, requiring up to 100-fold increased 
irradiation duration. Interestingly, 26 and 27, where the alkoxyamines and 
chromophores were linked through four bonds, possessed nitroxide generation 
efficiencies lower than that of 11, where the alkoxyamine and chromophore were 
linked through six bonds, demonstrating that the nature of the bonds linking the 
chromophore and alkoxyamine components, which mediate the energy transfer, also 
have a strong influence on the nitroxide generation efficiency.  
Moreover, when 15, 23, 24, 26, 27 and 11 were applied to the polymerization 
of acrylate matrices under UV irradiation, it was found that the rate of 
polymerization (Rp) of alkoxyamines linked to chromophores through one (15) and 
two (23 and 24) bonds exceeded that of the reference photoinitiator α,α-dimethoxy-
α-phenylacetophenone (DMPA). This is in contrast to alkoxyamines linked to 
chromophores through four (26 and 27) and six (11) bonds, whose rates of 
polymerization were significantly lower than DMPA. The polymerization results 
reflect the higher homolysis efficiencies of 15, 23 and 24 compared with 26, 27 and 
11, which facilitates a more rapid conversion to initiating alkyl and mediating 
nitroxide radicals under UV irradiation.  
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Whilst significant contributions have been made toward the evolution of the 
structural aspects of photosensitive alkoxyamines, an integral yet overlooked aspect 
of NMP2 has been the impact of the applied light intensity on the nitroxide 
generation efficiency. Recently however, Lalevée et al. examined by EPR 
spectroscopy the photochemical properties of two alkoxyamines bearing one (24) 
and two (23) benzophenone chromophores (Figure 1.7).40 The photo-dissociation rate 
constants (kd) were determined over a range of light intensities revealing for the first 
time a linear dependence of kd with light intensity. Moreover, as the modulation of kd 
occurs at a given temperature, it does not influence the kinetics of the propagation or 
termination processes in NMP2. The modulation of kd at a given temperature is an 
important feature of NMP2 compared to NMP, where the available temperature range 
is restricted by the nature of the monomers. 
1.2.3.3  Photo-Acid Generator Induced Nitroxide-Mediated 
Polymerization 
Yoshida et al. explored the use of the photo-acid generators 
bis(alkylphenyl)iodonium hexafluorophosphate (BAI), diphenyliodonium 
hexafluorophosphate (DPI) and triphenylsulfonium triflate (TPS) to induce 
micellization of poly(4-tert-butoxystyrene)-block-polystyrene (PBSt-b-PSt) diblock 
copolymers under UV irradiation.41 For the examined photo-acid generators, it was 
found that the irradiation time required to promote micellization increased in the 
order BAI < DPI < TPS, correlating with the UV absorption intensities of the photo-
acid generators. Furthermore, the micellization efficiency was shown to be 
dependent upon the concentration of the applied photo-acid generator, with higher 
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concentrations of DPI relative to PBSt-b-PSt resulting in a more rapid formation of 
micelles under UV irradiation. 
This technique was later extended to the polymerization of MMA under UV 
irradiation in the presence of BAI, 4-methoxy-2,2,6,6-tetramethylpiperidine-1-oxyl 
(MTEMPO) (28) (Figure 1.9) and the radical generators azobisisobutylonitrile 
(AIBN)42 and 2,2’-azobis(4-methoxy-2,4-dimethylvaleronitrile) (AMDV).43  
 
Figure 1.9: 4-Methoxy-2,2,6,6-tetramethylpiperidine-1-oxyl (MTEMPO) 28 
Whilst the exact role of the photo-acid generator is not clearly demonstrated, 
it was proposed that BAI did not combine with the polymeric chain or MTEMPO 
(28), but was responsible for an interaction with the nitroxide-capped polymeric 
chain, weakening the alkoxyamine bond and facilitating its homolysis. An increased 
rate of polymerization, combined with an associated increase in the molecular weight 
distribution upon increasing the ratio of BAI relative to MTEMPO (28) was used to 
support this rationalization. 
Indeed, polymerization experiments performed in the absence of MTEMPO 
(28) revealed significantly higher polymer dispersities than that obtained in its 
presence, supporting a controlled process. Furthermore, as the ratios of MTEMPO 
(28) to AIBN42 and AMDV43 were increased, the polymerization times were 
extended and the molecular weight distributions of the generated polymers reduced. 
23 
 
A variance in the molecular weight distribution of poly(methyl methacrylate) 
(PMMA) was observed for polymerizations performed with the two azoinitiators 
AIBN (Mw/Mn = 1.3 - 1.7)42 and AMDV (Mw/Mn = 1.4 - 1.7)43 under otherwise 
identical conditions. Accordingly, Yoshida examined eight azoinitiators (29 - 36) 
(Figure 1.10) in an attempt to discern which characteristic of the azoinitiator 
influenced the molecular weight distribution of the resulting PMMA.44  
 
Figure 1.10: Azoinitiators examined by Yoshida et al.44 
Bulk polymerizations were performed under direct UV irradiation for 3 hours 
with a BAI to MTEMPO (28) ratio of 0.52 and an MTEMPO (28) to azoinitiator 
ratio of 1.0. High conversions were observed in the presence of all azoinitiators (29 - 
36), though broad molecular weight distributions were obtained. However, when the 
MTEMPO (28) to azoinitiator ratio was doubled it was found that all of the 
examined azoinitiators (29 - 36) produced PMMA with polymer dispersities below 
1.7. Moreover, it was found that initiators possessing higher molar extinction 
coefficients provided a more efficient control of the polymerization process. 
In an attempt to discern the exact role of the photo-acid generator, Yoshida 
later explored the use of the alkoxyamine 1-(cyano-1-methylethoxy)-4-methoxy-
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2,2,6,6-tetramethylpiperidine (CMTMP) (37) (Figure 1.11), rather than an MTEMPO 
(28) and azoinitiator mixture, in the presence of the photo-acid generator BAI.45  
 
Figure 1.11: 1-(Cyano-1-methylethoxy)-4-methoxy-2,2,6,6-tetramethylpiperidine (CMTMP) 
37 
A linear increase in the PMMA chain with conversion was observed, albeit 
that the molecular weight distributions were broader than that obtained in the 
presence of the azoinitiators and MTEMPO (28). The polymerization was found to 
proceed in a controlled manner, based on the linear correlations of the plots of 
ln([MMA]0/[MMA]) vs. time, the molecular weight vs. 1/[CMTMP]0, and the 
molecular weight vs. conversion. However, it was found that a low molecular weight 
polymer was formed in the early stages of polymerization, initiated by a phenyl 
radical originating from the photochemical decomposition of BAI. The involvement 
of BAI in the polymerization of MMA was confirmed by polymerization 
experiments performed in the absence of CMTEMP (37), which reached 84% 
conversion after 2 hours of UV irradiation to afford PMMA with a polymer 
dispersity (Mw/Mn) of 3.77. Interestingly, no incorporation of the BAI fragment was 
observed for polymerizations performed in the presence of the azoinitiators (29 - 36) 
and MTEMPO (28).  
Yoshida later investigated the nitroxide-mediated photo-dispersion 
polymerization of MMA in the presence of polyvinylpyrrolidone (PVP), (2RS,2′RS)-
azobis(4-methoxy-2,4-dimethylvaleronitrile), MTEMPO (28) and the photo-acid 
generator (4-tert-butylphenyl)-diphenylsulfonium triflate.46 Whilst the photo 
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dispersion polymerization was found to produce non specific PMMA particles in the 
absence of MTEMPO (28) (Mw/Mn > 2 ), in the presence of MTEMPO (28) spherical 
particles of PMMA were obtained with a size distribution of below 1.1 (Mw/Mn = 
1.6).  
1.3 Implications for the Field of Research 
In recent years, growing industrial and academic desire for complex polymer 
architectures generated through a photochemical process has driven interest in controlled 
photopolymerization methodologies. Each of the most prominent thermally-based 
controlled radical polymerization techniques have subsequently been investigated, with 
considerable advances made to both photo-ATRP and PET-RAFT.  
NMP offers a number of advantages over alternate controlled radical 
polymerization systems. The generally low toxicity of nitroxides as well as the simple 
polymerization formulation, requiring only an appropriate alkoxyamine, makes NMP 
desirable to a range of applications.22 Accordingly, in order to confer similar advantages 
to controlled photopolymerization methodologies, further development of NMP2 is of 
critical importance.  
Whilst NMP2 may be considered still in its infancy, a clear evolution in 
approach from the first intermolecular bi-component photosensitized systems33 to 
intramolecular photosensitive alkoxyamines35-40 has developed. Furthermore, the 
progression of photosensitive alkoxyamine design from greatly separated alkoxyamine 
and chromophore components (> 5 bond lengths) to direct attachment has revealed that 
an optimal balance may reside somewhere between these two extremes. A balance 
between providing efficient intramolecular excited state energy transfer from the 
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chromophore to the alkoxyamine moiety to facilitate alkoxyamine homolysis, whilst 
maintaining the selectivity of NO-C vs. N-OC bond homolysis and stability of the 
generated nitroxide is a fundamental aspect of photosensitive alkoxyamine design. 
 Thus far, research into NMP2 has focussed on the optimization of alkoxyamines 
derived from, or analogous to, alkoxyamines commonly employed in thermally-based 
NMP.35-40 The benefit of this line of research is to utilize alkoxyamines with known 
abilities to afford high control over thermally-based polymerizations. However, whilst 
both thermally and photochemically derived NMP processes utilize a similar control 
process, the excited state energy transfer efficiency and photochemical stability of 
nitroxides is of critical importance. 
 Nitroxide degradation can proceed through a variety of photochemical 
pathways.47 Perhaps the most common photochemical degradation pathway involves 
photochemically induced α-cleavage, leading to nitrone and carbon centred radical 
species (Scheme 1.11).48  
 
Scheme 1.11: Photochemically induced α-cleavage of DTBN (38) 
 Addition of the generated carbon centred radical to the nitrone can regenerate the 
nitroxide moiety (Scheme 1.11). However, in the case of open-chain nitroxides such as 
di-tert-butyl nitroxide (DTBN) (38), α-cleavage leads to the separation of nitrone and 
carbon centred radical species. Separation of the nitrone and carbon centred radical 
species reduces the chance of recombination, as the probability for cross coupling of 
radical species and further degradation processes increases.  
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 Cyclic nitroxides such as 2,2,6,6-tetramethylpiperidin-1-yloxyl (TEMPO) (39), 
2,2,5,5-tetramethylpyrrolidin-1-yloxyl (PROXYL) (40) and 1,1,3,3-
tetramethylisoindolin-2-yloxyl (TMIO) (41) (Figure 1.12) are susceptible to similar 
photochemically induced α-cleavage processes (Scheme 1.11).49  
 
Figure 1.12: Cyclic nitroxides: TEMPO (39), PROXYL (40) and TMIO (41) 
 However, due to the proximity of the generated nitrone and carbon centred 
radical species following α-cleavage, recombination to regenerate the nitroxide moiety is 
enhanced.49 This effect has been suggested to be of greatest effect for TMIO (41) owing 
to the rigidity of the fused aryl system.50 Following α-cleavage, the generated nitrone and 
carbon centred radical species, derived from TMIO (41), are held in a fixed proximity, 
greatly enhancing the probability of recombination to regenerate the nitroxide moiety 
(Scheme 1.12).50 
 
Scheme 1.12: Photochemically induced α-cleavage of TMIO (41) 
 In addition to providing increased photochemical stability, TMIO (41) is imbued 
with an in-built aryl system. Whilst photosensitive alkoxyamines derived from cyclic 
nitroxides such as TEMPO (39) and PROXYL (40) would require a linker to join 
nitroxide and chromophore components. The in-built aryl system of TMIO (41) allows 
for synthetic expansion of the isoindoline aryl system through non-cleavable carbon 
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frameworks to generate a range of chromophoric structures. This approach allows for 
minimal separation between chromophore and nitroxide components. 
 As the progression of photosensitive alkoxyamine design from greatly separated 
alkoxyamine and chromophore components (> 5 bond lengths) to direct attachment has 
revealed that an optimal balance may reside somewhere between these two extremes. 
The isoindoline motif (41), which holds the nitroxide and chromophore components 
within two bond lengths, may potentially provide an optimal balance between facilitating 
efficient excited state energy transfer between the chromophore and an incorporated 
alkoxyamine moiety, and, providing high photochemical stability of the nitroxide 
moiety. 
 Accordingly, due to the high photochemical stability of TMIO (41) and the 
anticipated efficiency of excited state energy transfer, photosensitive alkoxyamines 
formed through synthetic expansion of the isoindoline aryl system, into known 
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2 Chapter 2 Benzophenone-Based Photosensitive Alkoxyamines 
2.1 Introduction 
Benzophenone is the archetypical chromophore for the investigation of a 
range of photochemical processes.1 Since the pioneering work of Giacomo Ciamician 
et al. who reported the photochemical reduction of benzophenone under solar 
irradiation over 100 years ago,2 extensive research has been devoted to 
understanding the photochemical processes of benzophenone. The photochemistry of 
benzophenone is now well-understood, facilitating the application of benzophenone 
to the investigation of a range of photochemical processes.1 
Due to a quantum yield of intersystem crossing to its excited triplet state 
which approaches unity, the excited triplet state is responsible for much of the 
photochemistry of benzophenone.3 Furthermore, in combination with the high 
quantum yield of formation of the excited triplet state, the longevity of 
benzophenone’s excited triplet state has facilitated the application of benzophenone 
to the photosensitization of a range of substrates.1,3 
Photosensitization provides a convenient methodology for artificially 
populating substrate excited states that are inaccessible, or poorly accessible, through 
processes originating from the absorption of a photon. A principle example of this 
process is the photosensitization of naphthalene to its excited triplet state.4 UV 
irradiation at wavelengths that exceed the maximum absorbance wavelength of 
naphthalene can be used to selectively populate the benzophenone excited singlet 
state.4 Following rapid intersystem crossing to the benzophenone triplet manifold, 
photosensitization facilitates transfer of excited state energy to the naphthalene 
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moiety. Accordingly, due to the conservation of angular momentum, the excited 
triplet state of naphthalene is reached under irradiation conditions that would have 
otherwise been unable to populate the excited triplet state of naphthalene.  
Benzophenone has found widespread application in photosensitive 
alkoxyamines serving as an intramolecular photosensitizer. Alkoxyamines derived 
from some of the most prominent nitroxides used to mediate thermal NMP (TEMPO 
(11),5 TIPNO (21)6 and SG1 (22)7) have each been investigated with pendant 
benzophenone motifs (Figure 2.1).  
 
Figure 2.1: TEMPO- (11), TIPNO- (21) and SG1- (22) based photosensitive alkoxyamines 
bearing a benzophenone chromophore 
However, while incorporation of the benzophenone motif presents a 
convenient route to the intramolecular photosensitization of alkoxyamine moieties, 
the incorporated benzophenone motif provides the potential for detrimental excited 
state hydrogen atom transfer (HAT) processes.8  
Benzophenone undergoes HAT from its excited triplet state, of n-π* 
character, with remarkable efficiency (ΦHAT ≈ 1.0).8 The efficiency of excited state 
HAT processes is attributable to both the character and longevity of the excited 
triplet state.8 The promotion of a non-bonding electron to an anti-bonding π orbital 
results in the formation of a long-lived, electron deficient ketyl diradical (Scheme 
2.1).8 Excited state HAT processes allow the electron deficient ketyl diradical to 
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complete an unpaired orbital, centred on the oxygen atom, generating a stabilized, 
sterically hindered ketyl radical.8 Following HAT processes, the generated ketyl 
radical is typically incapable of propagating radical reactions. Instead, the stabilized 
ketyl radical typically undergoes radical recombination with the HAT donor derived 
radical species, or, pinacolization through dimerization of ketyl radicals (Scheme 
2.1).9 
 
Scheme 2.1: Typical photochemical processes of benzophenone 
Within a polymerization medium, the formation of HAT derived radical 
species would lead to disruption of the dynamic equilibrium between reactive 
(radical) and dormant (alkoxyamine) states.10 Addition of exogenous radical species 
increases the probability of chain transfer and termination processes, ultimately 
leading to reduced control over polymerizations. Furthermore, HAT induced 
photochemical reduction of the benzophenone motif removes the carbonyl moiety 
central to the photochemistry of benzophenone.8 The photochemically reduced 
species would therefore be insensitive to the applied irradiation conditions, thereby 
preventing reinitiation of macroalkoxyamines under UV irradiation. 
The n-π* character of the lowest triplet state of benzophenone is central to 
HAT reactivity.8 As the efficiency of HAT derived radical processes is related to the 
electron deficiency of the ketyl oxygen in the n-π* excited triplet state, modulation of 
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the excited state character can impart a profound impact on benzophenone HAT 
reactivity.11 
Upon absorption of photons of appropriate energy, the lowest n-π* excited 
singlet state of benzophenone is reached, either directly, or, following internal 
conversion from an upper excited singlet state. Intersystem crossing to the second 
excited triplet state of π-π* character then proceeds, followed by internal conversion 
to populate the lowest n-π* excited triplet state (Figure 2.2).8  
 
Figure 2.2: Jablonski diagram indicating the dominant excited state processes of 
benzophenone 
However, incorporation of electron donating substituents para to the carbonyl 
moiety can lead to mixing, or inversion, of excited state character between n-π* and 
π-π* or charge transfer (CT) excited states.11 Importantly, both π-π* and CT excited 
triplet states possess differing electronic distributions to the n-π* excited state 
(Figure 2.3).12  
 
Figure 2.3: Electronic distribution of benzophenone excited states12 
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Accordingly, for π-π* and CT excited states, the electron deficiency of the 
ketyl oxygen is significantly reduced, causing a concomitant reduction in HAT 
reactivity.11,12 
This process has been demonstrated for methoxy and dimethylamino 
substituted benzophenone derivatives. In the case of the methoxy substituted 
benzophenone derivative (4,4’-dimethoxybenzophenone), vibronic mixing of excited 
state character between n-π* and π-π* excited states was observed in polar 
solvents.13 Mixing of excited state character between n-π* and π-π* excited states led 
to reduced rates of HAT processes. Furthermore, when the more electron donating 
dimethylamino substituted benzophenone derivative (4,4’-dimethylamino-
benzophenone) was examined, the π-π* excited triplet state produced was shown to 
possess CT character.14 The CT excited triplet state was found to be unreactive to 
HAT processes in polar solvents.  
Accordingly, in the interest of examining benzophenone-based photosensitive 
alkoxyamines with a lower propensity for HAT processes, benzophenone-based 
alkoxyamines possessing electron donating methoxy and dimethylamino 
substituents, para to the carbonyl moiety, were envisaged for the work reported 
herein.  
Alkoxyamines derived from 1,1,3,3-tetramethylisoindolin-2-yloxyl (TMIO) 
(41) were proposed for this work. The fused aromatic structure of TMIO (41) 
provides structural rigidity, photochemical stability and the opportunity for extension 
of the isoindoline aryl system into the benzophenone motif. Furthermore, ideal 
energy transfer efficiency may be anticipated based on the proximity of chromophore 
and alkoxyamine components. To investigate the potential for photo-dissociation of 
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alkoxyamines representative of a range of industrially and academically relevant 
monomers, styrenic (42, 45 and 48), methacrylic (43, 46 and 49) and acrylic (44, 47 
and 50) benzophenone-based alkoxyamines were proposed (Figure 2.4). 
 
Figure 2.4: Proposed benzophenone-based photosensitive alkoxyamines (42 - 50) 
2.2 Results and Discussion 
2.2.1 Proposed  Synthetic  Approach  of  Benzophenone-Based  Alkoxyamines  
The proposed synthetic approach toward the benzophenone-based 
alkoxyamines (42 - 50) involved the initial formation of N-benzylphthalimide (51) 
through the acid catalysed condensation of commercially available phthalic 
anhydride with benzylamine (Scheme 2.2).15 Exhaustive methylation of N-
benzylphthalimide (51) under Grignard reaction conditions would then afford the 
tetramethylated derivative 52.16 Lewis acid catalysed bromination of the isoindoline 
aromatic ring, with concomitant oxidative debenzylation, would then generate the 
secondary amine (53) with a synthetic handle for later elaboration.17 Oxidation with 
m-CPBA would then furnish the corresponding nitroxide (54). Owing to the 
incompatibility of nitroxides with organolithium reagents,18 protection of the 
brominated isoindoline nitroxide (54) under Fenton reaction conditions in DMSO to 
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furnish the nitroxide-protected methoxyamine (55) was proposed.19 Lithium-halogen 
exchange followed by quenching with appropriately substituted benzaldehydes 
would then furnish the corresponding diphenylmethanolic cores (56 - 58).20 
Oxidation of the diphenylmethanolic cores (56 - 58) with pyridinium chlorochromate 
would then furnish the desired benzophenone motifs (59 - 61).21 Removal of the 
methoxyamine protecting groups with m-CPBA to regenerate the nitroxide moiety 
(62 - 64),22 would then facilitate formation of the target benzophenone-based 
alkoxyamines under atom transfer radical addition (ATRA) reaction conditions (42 - 
50).23 
 
Scheme 2.2: Proposed synthetic approach to benzophenone-based photosensitive 
alkoxyamines (42 - 50) 
2.2.2 Synthesis of Benzophenone-Based Alkoxyamines 
The key synthetic intermediate (55), from which divergent and parallel 
syntheses were proposed to furnish the target benzophenone-based alkoxyamines (42 
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- 50), was prepared through known reaction conditions affording 5-bromo-2-
methoxy-1,1,3,3-tetramethylisoindoline (55) with an overall yield of 21% over 5 
steps (Scheme 2.3).15-17,19  
 
Scheme 2.3: Reaction conditions employed toward the synthesis of 5-bromo-2-methoxy-
1,1,3,3-tetramethylisoindoline (55) 
Following the proposed synthetic approach, N-benzylphthalimide (51) was 
prepared in good yield (99%) through the acid catalysed condensation of phthalic 
anhydride with benzylamine (Scheme 2.3). Exhaustive methylation of 51 under 
Grignard reaction conditions then furnished the tetramethylated derivative 52 in the 
yield limiting step of this approach (28%) (Scheme 2.3). Bromination of the 
isoindoline ring furnished 53 in good yield (91%), which was efficiently oxidized to 
the corresponding nitroxide (54) (93% yield) with m-CPBA (Scheme 2.3). Protection 
of the nitroxide moiety (54) under Fenton reaction conditions in DMSO then 
furnished the key nitroxide-protected brominated isoindoline (55) in good yield 
(89%) (Scheme 2.3). 
With the nitroxide-protected brominated isoindoline (55) prepared, lithium-
halogen exchange followed by quenching with appropriately substituted 





Scheme 2.4: Reaction conditions employed toward the synthesis of the substituted 
diphenylmethanolic cores (56 - 58) 
The applied reaction conditions were tolerant to each of the examined 
substrates, affording the target compounds (56 - 58) in good yield (86 - 95%). 
However, a modest decrease in yield was observed with increasing electron donation 
of the substituted benzaldehyde substrates. This decrease may be attributed to the 
reduced electrophilicity of the carbonyl moiety with increasing electron donation 
para to the carbonyl moiety. 
Confirming the successful formation of the diphenylmethanolic cores (56 - 
58), the obtained 1H NMR spectra revealed characteristic peaks attributable to the 
benzylic and diphenylmethanolic (OH) hydrogen atoms at approximately 5.8 and 2.1 
ppm respectively (Figure 2.5). Furthermore, peaks attributable to the benzylic and 
diphenylmethanolic (OH) hydrogen atoms each appeared as overlapping singlets. 
The observed overlapping singlets are consistent with the presence of rotamers which 
are likely ascribed to the formation of the diphenylmethanolic stereogenic centres 
upon addition to the carbonyl moieties, combined with ring inversion of the 




Figure 2.5: 1H NMR spectra overlay of substituted diphenylmethanolic cores (56 - 58) 
Oxidation of the diphenylmethanolic cores (56 - 58) with pyridinium 
chlorochromate then furnished the corresponding benzophenone-based 
methoxyamines (59 - 61) in good yield (76 - 94%) (Scheme 2.5).  
 
Scheme 2.5: Reaction conditions employed toward the synthesis of the substituted 
benzophenone motifs (59 - 61) 
However, the yield obtained for the dimethylamino substituted derivative 
(61) was appreciably lower than the unsubstituted (59) and methoxy substituted (60) 
benzophenone-based derivatives. The lower yield of 61, relative to 59 and 60, may 
be ascribed to decomposition of the electron rich aryl system (58). A noticeable 






also account, in part, for the lower yield of 58, relative to 56 and 57, obtained in the 
preceding lithium-halogen exchange reactions. 
Consistent with formation of the benzophenone motifs (59 - 61), 13C NMR 
spectroscopy revealed characteristic peaks attributable to the generated carbonyl 
moieties (~ 195 ppm) for each of the benzophenone-based methoxyamines (59 - 61) 
(Figure 2.6). Additionally, characteristic carbonyl stretches were observed in the IR 
transmittance spectra (59 1655 cm-1, 60 1654 cm-1 and 61 1629 cm-1), further 
supporting the formation of the benzophenone motifs (59 - 61).24 
 
Figure 2.6: 13C NMR spectra overlay of substituted benzophenones (59 - 61) 
Following formation of the benzophenone-based methoxyamines (59 - 61), 
demethylation with m-CPBA was undertaken to furnish the target benzophenone-








Scheme 2.6: Reaction conditions employed toward the synthesis of the benzophenone-based 
nitroxides (62 - 64) 
The reaction is proposed to proceed through N-oxidation followed by a Cope-
type elimination of formaldehyde to form the corresponding hydroxylamine (Scheme 
2.7).22 The hydroxylamine thus formed is then oxidized in situ by molecular oxygen 
to furnish the target nitroxide. 
 
Scheme 2.7: Proposed mechanism of m-CPBA mediated oxidation of the benzophenone-
based methoxyamine (59) 
In the case of the unsubstituted (59) and methoxy substituted (60) 
benzophenone-based methoxyamines, demethylation proceeded smoothly, affording 
both the unsubstituted (62) and methoxy substituted (63) benzophenone-based 
nitroxides in 92% yield. 
Characteristic three line EPR spectra and hyperfine coupling constants were 
obtained for both the unsubstituted (62) (ɑN = 1.424 mT) and methoxy substituted 
46 
 
(63) (ɑN = 1.422 mT) benzophenone-based nitroxides, supporting formation of the 
nitroxide moieties (Figure 2.7).25 
 
Figure 2.7: EPR spectra of unsubstituted (62) and methoxy substituted (63) benzophenone-
based nitroxides 
Furthermore, the characteristic carbonyl stretches previously observed for the 
benzophenone-based methoxyamines (59 and 60) were retained in the corresponding 
benzophenone-based nitroxides (62 and 63), confirming the presence of the 
benzophenone motifs (62 1652 cm-1 and 63 1643 cm-1).24 
 
Figure 2.8: IR transmittance spectra of unsubstituted (62) and methoxy substituted (63) 
benzophenone-based nitroxides 
However, whilst the applied reaction conditions furnished unsubstituted (62) 
and methoxy substituted (63) benzophenone-based nitroxides in good yield, the 
dimethylamino substituted benzophenone-based methoxyamine (61) was found to be 
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incompatible with the applied reaction conditions, leading to a complicated mixture 
of N-oxides. Accordingly, to circumvent the incompatibility of the N-substituted 
benzophenone motif with m-CPBA, an alternate synthetic approach was proposed.  
The revised synthetic approach was adapted so as to utilize a similar synthetic 
methodology to that previously employed, while allowing for incorporation of the N-
substituent after regeneration of the nitroxide moiety (Scheme 2.8). This approach 
would thereby circumvent the incompatibility of the N-substituent with m-CPBA.  
 
Scheme 2.8: Revised synthetic approach toward the synthesis of an amine substituted 
benzophenone-based system 
Accordingly, lithium-halogen exchange of 55 followed by quenching with 4-
bromobenzaldehyde led to incorporation of the diphenylmethanolic core (65) 
(Scheme 2.8) analogous to that previously prepared (56 - 58). However, in this case, 
the diphenylmethanolic core (65) was formed with a synthetic handle to facilitate 
incorporation of an amine substituent through transition metal catalysis. 
Similar to that previously observed for the generated diphenylmethanolic 
cores (56 - 58), characteristic peaks in the 1H NMR spectrum of 65 were observed, 
corresponding to the benzylic and diphenylmethanolic (OH) hydrogen atoms at 5.770 
- 5.762 and 2.342 - 2.333 ppm respectively (Figure 2.9). Furthermore, peaks 
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corresponding to the benzylic and diphenylmethanolic (OH) hydrogen atoms again 
appeared as overlapping singlets, consistent with the presence of rotamers.  
Oxidation of the diphenylmethanolic core (65) with pyridinium 
chlorochromate then furnished the desired benzophenone motif (66) in good yield 
(89%) (Scheme 2.8). Following oxidation of the diphenylmethanolic core (65), 1H 
NMR spectroscopy revealed the disappearance of peaks attributable to the benzylic 
and diphenylmethanolic (OH) hydrogen atoms, consistent with formation of the 
benzophenone motif (66) (Figure 2.9). Furthermore, a peak characteristic of the 
carbonyl carbon (195.60 ppm) was observed by 13C NMR spectroscopy, consistent 
with formation of the benzophenone motif.  
Removal of the methoxyamine protecting group (66) with m-CPBA, under 
conditions similar to that previously employed, furnished the corresponding nitroxide 
(67) in good yield (89%) (Scheme 2.8). Consistent with formation of the nitroxide 
moiety (67), paramagnetic broadening of the 1H NMR spectrum of 67 was observed 
(Figure 2.9). Furthermore, mass spectrometric analysis of 67 evidenced the 
characteristic isotopic distribution of the incorporated bromine substituent ((79Br and 
81Br, 1 : 1) (m/z calculated for C19H1979BrNO2Na [M+Na]+ 395.0491; found 





Figure 2.9: 1H NMR spectra overlay of synthetic intermediates (65 - 67) toward the 
synthesis of an amine substituted benzophenone-based system 
Formation of the brominated benzophenone motifs (66 and 67) then 
facilitated incorporation of a nitrogen containing substituent through Buchwald-
Hartwig reaction conditions (Scheme 2.9). Owing to a known reactivity to 
Buchwald-Hartwig reaction conditions, pyrrolidine was selected as the coupling 
partner.26  
 
Scheme 2.9: Reaction conditions employed toward the synthesis of the pyrrolidine 
substituted benzophenone-based system (68 and 69) 
The procedure was first examined with the benzophenone-based 
methoxyamine (66) to facilitate characterization of the reaction products by 1H NMR 
spectroscopy. Under the employed conditions the reaction proceeded in good yield 






(Scheme 2.9). Incorporation of the pyrrolidine substituent was confirmed by the 
appearance of characteristic peaks in the 1H NMR spectrum of 68 (3.388 and 2.048 
ppm) corresponding to the hydrogen atoms of the incorporated pyrrolidine 
substituent (Figure 2.10). Furthermore, the IR transmittance spectrum obtained 
revealed a characteristic carbonyl stretch at 1632 cm-1, confirming the presence of 
the benzophenone motif (68). 
Following the success of the applied reaction conditions to the 
benzophenone-based methoxyamine (66), the reaction was performed with the 
benzophenone-based nitroxide (67) (Scheme 2.9). Similar results were obtained in 
the presence of the nitroxide (69) (82% yield) to that obtained in its absence (68) 
(80% yield). 1H NMR spectroscopy revealed that the characteristic peaks at 3.388 
and 2.048 ppm, previously observed for 68, were retained in 69, consistent with 
incorporation of the pyrrolidine substituent. Whilst paramagnetic broadening of the 
1H NMR spectrum of 69 was observed, consistent with the presence of the nitroxide 
moiety (Figure 2.10).  
 
Figure 2.10: 1H NMR spectra overlay of pyrrolidine substituted benzophenone-based 





Furthermore, the carbonyl stretch previously observed in the IR transmittance 
spectrum of 68 was observed in 69, confirming the presence of the benzophenone 
motif. 
The target benzophenone-based alkoxyamines (42 - 47 and 70 - 72) were then 
prepared from radicals derived from (1-bromoethyl)benzene, ethyl α-
bromoisobutyrate and ethyl 2-bromopropionate using a Cu mediated ATRA system 
(Scheme 2.10). Under deoxygenated conditions, reaction of the prepared nitroxides 
(62, 63 and 69) with the generated alkyl radicals furnished the target styrenic (42, 45 
and 70), methacrylic (43, 46 and 71) and acrylic (44, 47 and 72) benzophenone-
based alkoxyamines in good yield (86 - 94%).  
 
Scheme 2.10: Reaction conditions employed toward the synthesis of benzophenone-based 
alkoxyamines 
Characteristic 1H NMR spectra confirmed incorporation of the alkoxyamine 
moieties. Peaks corresponding to the hydrogen atoms geminal to the oxygen atom of 
the NO motif for the styrenic (42, 45 and 70) and acrylic (44, 47 and 72) 
benzophenone-based alkoxyamines (demonstrated for 42 4.868 ppm and 44 4.497 
ppm Figure 2.11) were observed. Furthermore, characteristic peaks corresponding to 
the methylene hydrogen atoms of the incorporated ester groups of the methacrylic 
(43, 46 and 71) and acrylic (44, 47 and 72) benzophenone-based alkoxyamines were 
52 
 
observed (demonstrated for 43 4.229 ppm and 44 4.276 - 4.192 ppm Figure 2.11). 
Peaks corresponding to methylene hydrogen atoms of the incorporated ester groups 
appeared as multiplets for the acrylic benzophenone-based alkoxyamines (44, 47 and 
72) due to the generation of a stereogenic centre upon formation of the alkoxyamine 
(demonstrated for 44 Figure 2.11). Similarly, integration of the 1H NMR spectra of 
the styrenic alkoxyamines (42, 45 and 70) was characteristic of the presence of a 
stereogenic centre generated upon formation of the styrenic benzophenone-based 
alkoxyamines (42, 45 and 70) (demonstrated for 42 Figure 2.11). 
 
Figure 2.11: 1H NMR spectra overlay of styrenic (42), methacrylic (43) and acrylic (44) 
benzophenone-based alkoxyamines 
2.2.3 Photophysical Investigation of Benzophenone-Based Alkoxyamines 
The investigated chromophores were selected for their intrinsic photophysical 
and photochemical properties, to determine their relevance to photosensitive 
alkoxyamines. Accordingly, to determine whether incorporation of the isoindoline 
motif led to deviation of the photophysical properties of the parent chromophores, 
from which a deviation in the photochemical properties may be inferred, the 






corresponding alkoxyamines (42 - 47 and 70 - 72) were investigated. Though the 
UV-visible absorbance spectra does not provide direct information of the lowest 
excited triplet states, from which HAT reactivity may be inferred, knowledge of the 
lowest excited singlet state character may be used to determine if similar absorption 
properties to the parent chromophores are preserved.  
Furthermore, the UV-visible absorbance spectra provide information on the 
range of wavelengths available to photo-dissociation studies. Additionally, the 
calculated molar extinction coefficients reveal the relative absorptivities of the 
investigated alkoxyamines to facilitate further comparison of the investigated 
chromophores. 
The measured UV absorbance spectra demonstrate the lowest excited singlet 
state electronic transitions of each of the examined benzophenone-based nitroxides 
(62, 63 and 69) in polar (acetonitrile) and non-polar (tert-butylbenzene) solutions 
(Figure 2.12). The observed hypsochromic shift in the absorbance spectra of the 
unsubstituted benzophenone-based nitroxide (62) with increasing solvent polarity is 
consistent with the assignment of an n-π* transition as the lowest excited singlet state 
(Figure 2.12). Moreover, the absorbance maxima, vibrational structure, molar 
extinction coefficient (Figure 2.12 and Table 2.1) and assigned excited state 
character of the unsubstituted benzophenone-based nitroxide (62) are consistent with 




Figure 2.12: UV-visible absorbance spectra overlay of unsubstituted (62), methoxy 
substituted (63) and pyrrolidine substituted (69) benzophenone-based nitroxides in 
acetonitrile (62 = 2.7 × 10-4 mol.L-1, 63 = 8.6 × 10-5 mol.L-1, 69 = 2.1 × 10-6 mol.L-1) and 
tert-butylbenzene (62 = 3.7 × 10-4 mol.L-1, 63 = 6.1 × 10-5 mol.L-1, 69 = 2.8 × 10-6 mol.L-1) 
solvents  
A bathochromic shift in the second excited singlet state transition (vertical 
region) was observed in the absorbance spectra of the methoxy substituted 
benzophenone-based nitroxide (63) with increasing solvent polarity (Figure 2.12). 
The observed bathochromic shift, consistent with the expected π-π* transition, led to 
merging of the lowest and second excited singlet state electronic transitions. Merging 
of the lowest and second excited singlet state electronic transitions masked a 
potential solvatochromic shift of the lowest excited singlet state transition. While the 
absorbance maxima, vibrational structure and molar extinction coefficient appear 
consistent with the assignment of an n-π* lowest excited singlet state transition 
(Figure 2.12 and Table 2.1), the absence of observable solvatochromism prevents 
reliable determination of the lowest excited singlet state character of the methoxy 



















62 (Acetonitrile) 62 (tert-Butylbenzene)
63 (Acetonitrile) 63 (tert-Butylbenzene)
69 (Acetonitrile) 69 (tert-Butylbenzene)
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The pyrrolidine substituted benzophenone-based nitroxide (69) displayed a 
bathochromic shift in the lowest excited singlet state transition with increasing 
solvent polarity (Figure 2.12). The bathochromic shift with increasing solvent 
polarity is consistent with the assignment of a π-π* electronic transition. 
Furthermore, the high molar extinction coefficient obtained (Table 2.1) supports the 
π-π* transition being of charge transfer character. The formation of a charge transfer 
electronic transition is consistent with the incorporation of the strongly electron 
donating pyrrolidine substituent.28 
To determine whether incorporation of the alkoxyamine moieties led to 
deviation of the photophysical properties relative to the corresponding nitroxides (62, 
63 and 69), the UV absorbance properties of the benzophenone-based alkoxyamines 
(42 - 47 and 70 - 72) were examined. 
The unsubstituted benzophenone-based alkoxyamines (42 - 44) displayed 
similar absorbance maxima, vibrational structure and molar extinction coefficients to 
their corresponding nitroxide (62) (Figure 2.13 and Table 2.1). However, noticeable 
bathochromic and hypsochromic shifts were observed. The tail section of the second 
excited singlet state transition (vertical region) evidenced a bathochromic shift upon 
incorporation of the alkoxyamine moieties (42 - 44). Furthermore, the lowest excited 
singlet state transition region evidenced a hypsochromic shift upon incorporation of 
the alkoxyamine moieties (42 - 44). Despite small bathochromic and hypsochromic 
shifts observed in the absorbance spectra of the unsubstituted benzophenone-based 
alkoxyamines (42 - 44) relative to their corresponding nitroxide (62), the lowest 
excited singlet states of the examined unsubstituted benzophenone-based 




Figure 2.13: UV-visible absorbance spectra overlay of the unsubstituted benzophenone-
based nitroxide (62) and corresponding alkoxyamines (42 - 44) in tert-butylbenzene (62 = 
3.7 × 10-4 mol.L-1, 42 = 2.5 × 10-4 mol.L-1, 43 = 2.4 × 10-4 mol.L-1, 44 = 2.5 × 10-4 mol.L-1) 
The methoxy substituted benzophenone-based alkoxyamines (45 - 47) 
evidenced similar absorbance properties to their corresponding nitroxide (63) (Figure 
2.14).  
 
Figure 2.14: UV-visible absorbance spectra overlay of the methoxy substituted 
benzophenone-based nitroxide (63) and corresponding alkoxyamines (45 - 47) in tert-
butylbenzene (63 = 9.8 × 10-5 mol.L-1, 45 = 1.7 × 10-4 mol.L-1, 46 = 1.6 × 10-4 mol.L-1, 47 = 
2.0 × 10-4 mol.L-1) 
Similar absorbance maxima, vibrational structures and molar extinction 
coefficients were obtained between the methoxy substituted benzophenone-based 
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However, similar to the unsubstituted benzophenone-based derivatives (42 - 44), a 
hypsochromic shift in the tail section of the lowest excited singlet state transition was 
observed for the methoxy substituted benzophenone-based alkoxyamines (45 - 47) 
relative to their corresponding nitroxide (63).  
The pyrrolidine substituted benzophenone-based alkoxyamines (70 - 72) 
evidenced similar absorbance properties to their corresponding nitroxide (69) (Figure 
2.15). However, the hypsochromic shift previously observed for the unsubstituted 
(42 - 44) and methoxy substituted (45 - 47) benzophenone-based alkoxyamines was 
more pronounced. Unlike the unsubstituted (42 - 44) and methoxy substituted (45 - 
47) benzophenone-based systems, the hypsochromic shift led to a shift in the 
absorbance maxima for the pyrrolidine substituted benzophenone-based 
alkoxyamines (70 - 72) relative to their corresponding nitroxide (69) (Figure 2.15).  
 
Figure 2.15: UV-visible absorbance spectra overlay of the pyrrolidine substituted 
benzophenone-based nitroxide (69) and corresponding alkoxyamines (70 - 72) in tert-
butylbenzene (69 = 2.0 × 10-6 mol.L-1, 70 = 1.8 × 10-6 mol.L-1, 71 = 1.7 × 10-6 mol.L-1, 72 = 
2.1 × 10-6 mol.L-1) 
However, the characteristically high molar extinction coefficient of the 
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corresponding alkoxyamines (70 - 72), consistent with a lowest singlet excited state 
of CT character (Table 2.1).  
Accordingly, despite small shifts in the absorbance spectra of the examined 
unsubstituted (42 - 44), methoxy substituted (45 - 47) and pyrrolidine substituted (70 
- 72) benzophenone-based alkoxyamines, the photophysical properties of the 
examined alkoxyamines (42 - 47 and 70 - 72) were consistent with their 















Table 2.1: Photophysical properties of examined benzophenone-based systems 










62 345 210 338 324 
 
42 345 210 - - 
 
43 345 202 - - 
 
44 345 191 - - 
 
63 338 626 338 571 
 
45 338 416 - - 
 
46 338 450 - - 
 
47 338 394 - - 
 
69 350 31288 355 41466 
 
70 344 35376 - - 
 
71 344 33067 - - 
 
72 344 27825 - - 




2.2.4 Photochemical Investigation of Benzophenone-Based Alkoxyamines 
The foremost requisite for mediating a controlled NMP2 process is efficient 
photo-dissociation of the alkoxyamine moiety to furnish alkyl and nitroxide radicals. 
Accordingly, photo-dissociation studies by EPR spectroscopy were performed to 
investigate the potential for photo-induced cleavage of the benzophenone-based 
alkoxyamines (42 - 47 and 70 - 72). Direct irradiation within the EPR cavity 
facilitated real time monitoring of nitroxide formation (Figure 2.16). Oxygen was 
used as the alkyl radical scavenger to prevent recombination of the nitroxide and 
alkyl radicals.29  
 
Figure 2.16: General photo-dissociation process 
A broad range UV source (UVA, UVB and UVC) and a well defined UVA 
source were each employed (Figure 2.17).  
 























Broad Range UV UVA
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Photo-dissociation studies were performed in tert-butylbenzene with a 
concentration of 1 × 10-4 mol.L-1 for each of the benzophenone-based alkoxyamines 
examined (42 - 47 and 70 - 72).  
Initial investigations focused on determining the photo-dissociation 
efficiencies of the styrenic benzophenone-based alkoxyamines (42, 45 and 70) in 
order to optimize the irradiation conditions to each chromophore before assessing the 
methacrylic (43, 46 and 71) and acrylic (44, 47 and 72) benzophenone-based 
alkoxyamines. Under broad range UV irradiation the styrenic unsubstituted (42), 
methoxy substituted (45) and pyrrolidine substituted (70) benzophenone-based 
alkoxyamines reached 22%, 15% and 7% nitroxide recoveries respectively (Figure 
2.18). In each case, after reaching maximum nitroxide recoveries, the nitroxide 
recoveries decreased over time. Notably, the decrease in nitroxide recovery was most 
pronounced for the unsubstituted (42) and methoxy substituted (45) benzophenone-
based systems.  
 
Figure 2.18: Nitroxide recoveries obtained for the styrenic unsubstituted (42), methoxy 
substituted (45) and pyrrolidine substituted (70) benzophenone-based alkoxyamines under 


























Under UVA irradiation similar nitroxide recoveries were observed for the 
styrenic unsubstituted (42) (25%) and pyrrolidine substituted (70) (7%) 
benzophenone-based alkoxyamines, though over increased durations (Figure 2.19). 
However, the nitroxide recovery of the styrenic methoxy substituted benzophenone-
based alkoxyamine (45) was reduced, reaching 8% nitroxide recovery (Figure 2.19). 
Similar to the trend observed under broad range UV irradiation, after reaching 
maximum nitroxide recoveries, the nitroxide recoveries decreased over time, with the 
decrease again being most pronounced for the unsubstituted (42) and methoxy 
substituted (45) benzophenone-based systems.  
 
Figure 2.19: Nitroxide recoveries obtained for the styrenic unsubstituted (42), methoxy 
substituted (45) and pyrrolidine substituted (70) benzophenone-based alkoxyamines under 
UVA irradiation 
Similar photo-dissociation studies were applied to the methacrylic (43, 46 and 
71) and acrylic (44, 47 and 72) benzophenone-based alkoxyamines. UVA irradiation 
of methacrylic (43, 46 and 71) and acrylic (44, 47 and 72) benzophenone-based 
alkoxyamine solutions in tert-butylbenzene were investigated (Figure 2.20). In all 



























Figure 2.20: Nitroxide recoveries obtained for the methacrylic and acrylic unsubstituted (43 
and 44), methoxy substituted (46 and 47) and pyrrolidine substituted (71 and 72) 
benzophenone-based alkoxyamines under UVA irradiation 
To investigate whether the low nitroxide recoveries obtained could be 
attributed to rapid photochemical decomposition of potentially generated nitroxide 
moieties, solutions of the benzophenone-based nitroxides (62, 63 and 69) in tert-
butylbenzene were subjected to UVA irradiation and monitored by EPR 
spectroscopy. As oxygen quenching of excited states could potentially impact on the 
photochemical stability of the nitroxide,30 both oxygenated and deoxygenated 
solutions of the benzophenone-based nitroxides (62, 63 and 69) in tert-butylbenzene 
were investigated.  
Despite an initial decrease in the stabilities of the unsubstituted (62) and 
methoxy substituted (63) benzophenone-based nitroxides under oxygenated and 
deoxygenated conditions, the photochemical stabilities remained constant, with a 5% 
reduction in the stability of both the unsubstituted (62) and methoxy substituted (63) 
benzophenone-based nitroxides observed after 5 hours of UVA irradiation (Figure 
2.21). Accordingly, the photochemical stabilities of the unsubstituted (62) and 
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deoxygenated conditions indicate that photochemical decomposition of the nitroxide 
moieties could not account for the low nitroxide recoveries obtained.  
 
Figure 2.21: Nitroxide stabilities obtained under oxygenated and deoxygenated conditions 
for the unsubstituted (62) and methoxy substituted (63) benzophenone-based nitroxides 
under UVA irradiation 
In contrast to the high photochemical stabilities of the unsubstituted (62) and 
methoxy substituted (63) benzophenone-based nitroxides under oxygenated and 
deoxygenated conditions, the photochemical stability of the pyrrolidine substituted 
benzophenone-based nitroxide (69) was significantly reduced, particularly in the 
absence of oxygen (Figure 2.22). 
 
Figure 2.22: Nitroxide stabilities obtained under oxygenated and deoxygenated conditions 
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As oxygen is a known quencher of excited triplet states,30 the increased rate 
of photochemical decomposition of 69 in the absence of oxygen indicates that 
degradation may occur from the excited triplet state. Given the known propensity for 
the excited triplet state benzophenone motif to undergo HAT processes,8 HAT could 
potentially account for the reduced photochemical stability of the pyrrolidine 
substituted benzophenone-based nitroxide (69) compared to the unsubstituted (62) 
and methoxy substituted (63) benzophenone-based nitroxides. Alternatively, the 
reduction in concentration of the pyrrolidine substituted benzophenone-based 
nitroxide (69) (Figure 2.22) may be attributed to single electron transfer (SET) from 
the incorporated pyrrolidine moiety to the nitroxide, to generate the corresponding 
hydroxylamine anion and pyrrolidine radical cation.  
The pyrrolidine substituent was incorporated to lower the quantum yield of 
HAT.11,12 However, a reduction in the quantum yield of HAT is potentially offset by 
the significantly enhanced molar absorptivity of the pyrrolidine substituted 
benzophenone-based nitroxide (69) with respect to the unsubstituted (62) and 
methoxy substituted (63) benzophenone-based nitroxides (128-fold and 73-fold 
respectively) (Table 2.1). Furthermore, as the photochemical stability of the 
pyrrolidine substituted benzophenone-based nitroxide (69) was assessed in tert-
butylbenzene, a poor hydrogen atom donor, the hydrogen atoms of the incorporated 
pyrrolidine substituent present the most labile hydrogen atom donors which may be 
abstracted, leading to the formation of non-radical products.31  
Furthermore, HAT from the styrenic (42, 45, and 70), methacrylic (43, 46 and 
71) and acrylic (44, 47 and 72) alkoxyamine moieties to the excited state carbonyl of 
the benzophenone motif may account for the low nitroxide recoveries obtained, 
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which decreased over time. Reaction of HAT derived radical species with the 
nitroxide may furnish photochemically insensitive alkoxyamines. Additionally, HAT 
induced photochemical reduction of the benzophenone motif would remove the 
carbonyl moiety, rendering the photochemically reduced alkoxyamines insensitive to 
the applied irradiation conditions.8 Accordingly, to assess the potential for HAT, 
cyclohexane, a more labile hydrogen atom donor than the previously employed tert-
butylbenzene, was used as the solvent.32 To determine if HAT processes could 
account for the low nitroxide recoveries obtained for the benzophenone-based 
alkoxyamines (42 - 47 and 70 - 72), deoxygenated solutions of the benzophenone-
based nitroxides (62, 63 and 69) in cyclohexane were investigated under UVA 
irradiation to facilitate monitoring of HAT processes via EPR spectroscopy (Figure 
2.23).  
 
Figure 2.23: Nitroxide stabilities in cyclohexane obtained under deoxygenated conditions 
for unsubstituted (62), methoxy substituted (63) and pyrrolidine substituted (69) 
benzophenone-based nitroxides under UVA irradiation followed by cessation of UVA 
irradiation and introduction of air 
In each case, a reduction in the concentration of the nitroxide was observed 
over time, consistent with the involvement of HAT processes. Upon cessation of 






























increased. Regeneration of the nitroxide is consistent with the presence of 
hydroxylamine, which is known to be readily oxidized to the corresponding nitroxide 
by molecular oxygen.33 
The formation of hydroxylamine species derived from the benzophenone-
based nitroxides (62, 63 and 69) is consistent with the involvement of HAT 
processes. HAT from cyclohexane to the excited state benzophenone moiety would 
lead to the formation of ketyl radicals through the well established pinacol 
chemistry.9 Furthermore, Tatikolov et al. have previously demonstrated oxidation of 
ketyl radicals, derived from benzophenone, through HAT to a ground state nitroxide, 
resulting in the formation of the corresponding hydroxylamine (Scheme 2.11).34 
 
Scheme 2.11: HAT from the benzophenone ketyl to a ground state nitroxide 
Accordingly, HAT from the benzophenone ketyls to the ground state 
nitroxides could account for the formation of hydroxylamines derived from the 
benzophenone-based nitroxides (62, 63 and 69) (Scheme 2.12).34 Alternatively, the 
formation of hydroxylamine species may be attributed to addition of the nitroxide to 
the benzophenone-derived ketyl radical to generate the corresponding hemiketal. 
Elimination of the hydroxylamine anion, and subsequent proton transfer, could 
thereby account for regeneration of the benzophenone moiety, as well as formation 






Scheme 2.12: Proposed formation of hydroxylamine through HAT from the benzophenone 
ketyl to a ground state nitroxide 
Nitroxides are known quenchers of excited states.35 Whilst the exact 
mechanism remains unclear, it is generally accepted that excited state quenching 
occurs through electron exchange involving the unpaired spin of the nitroxide.35 
Accordingly, removal of the unpaired spin of the nitroxide through formation of 
hydroxylamine, or coupling with the generated cyclohexyl radicals, would remove 
the excited state quenching mechanism. Removal of the excited state quenching 
mechanism would lead to an increase in the rate of HAT to the carbonyl moiety of 
the excited state benzophenone motif, thereby increasing the rate of formation of 
cyclohexyl radicals, which, in a domino-like process, could react with another 
nitroxide moiety, removing the excited state quenching mechanism, increasing the 
rate of HAT to the excited state benzophenone motif. This process may account for 
the apparent bimodal decay of the nitroxides (62, 63 and 69) (Figure 2.23). 
Quenching of the excited state benzophenone motif through electron exchange with 
the unpaired spin of the nitroxide could explain the initially slow reduction of the 
nitroxide signal. Increasing removal of the nitroxide moiety through domino-like 
processes would ultimately lead to increasing benzophenone HAT reactivity, thereby 
accounting for the increased rate of reduction of the nitroxide signals over time.  
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Alternatively, the bimodal decay of the nitroxides (62, 63 and 69) may be 
attributable to the presence of molecular oxygen, which, if present, could oxidize 
hydroxylamines or react with the generated cyclohexyl radicals, preventing their 
interaction with the nitroxide. The presence of oxygen is known to increase EPR 
peak widths due to spin-spin coupling of paramagnetic molecular oxygen with the 
nitroxide radical.36 Accordingly, a decrease in EPR peak widths over time, 
particularly in the early stages of irradiation, would be indicative of the consumption 
of molecular oxygen through interaction with the generated cyclohexyl radicals or 
hydroxylamine. EPR peak widths of the examined nitroxides (62, 63 and 69) were 
found to remain constant over the early stages of irradiation. Consequently, the 
observed bimodal decay of the examined nitroxides cannot be ascribed to the 
presence of molecular oxygen.  
An alternative explanation for the presence of hydroxylamine species derived 
from the benzophenone-based nitroxides (62, 63 and 69) could be the involvement of 
excited state energy transfer from the excited triplet state of the benzophenone 
moiety to the nitroxide doublet state. Energy transfer from the benzophenone motif 
to the nitroxide moiety may potentially produce an excited state nitroxide capable of 
HAT from cyclohexane (Scheme 2.13).37 
 




Nitroxides possess π-π* and n-π* electronic transitions at wavelengths 
typically centred at 235 and 450 nm respectively.38 While the π-π* transition of 
nitroxides typically occur at energies too high to be populated by energy transfer 
from the benzophenone moiety, photosensitization of the n-π* transition of nitroxides 
is energetically possible. The nitroxide n-π* transition corresponds to the promotion 
of an electron from a non bonding orbital centred on the oxygen atom to a π anti-
bonding orbital. In an oversimplified analogy, the electronic distribution of the 
nitroxide n-π* excited state resembles that of the excited state carbonyl. Similar to 
the excited state HAT processes of benzophenone, HAT involving an excited state 
nitroxide moiety would allow the oxygen atom to complete a half filled orbital. 
This process may also account for the apparent bimodal decay of the 
benzophenone-based nitroxides (62, 63 and 69) (Figure 2.23). Inefficient HAT from 
cyclohexane to an excited state nitroxide moiety could account for the initially slow 
reduction of the nitroxide signal. HAT to the nitroxide moiety would remove the 
unpaired spin of the nitroxide, resulting in the formation of hydroxylamine and 
cyclohexyl radical species. Upon removal of the unpaired spin of the nitroxide 
through formation of a hydroxylamine or coupling with a cyclohexyl radical, the 
established benzophenone HAT reactivity would be returned. Normal benzophenone 
HAT processes may then account for the increased rate of reduction of the nitroxide 
signal through similar domino-like process to that previously discussed. 
Interestingly, with consideration to the molar absorptivities of the 
benzophenone-based nitroxides (62, 63 and 69) (Table 2.1), the rates of HAT and 
hydroxylamine formation follow an order consistent with the excited state character 
of the substituted benzophenone motifs. Such a trend would be consistent with HAT 
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processes from a benzophenone derived ketyl to ground state nitroxide (Scheme 
2.12). However, as the formation of hydroxylamine through each of the proposed 
mechanisms yield the same reaction products, it is difficult to differentiate through 
which pathway the reaction proceeds.  
Moreover, regardless of the mechanism of hydroxylamine formation, the 
involvement of HAT processes may account, in part, for the low nitroxide recoveries 
obtained for the benzophenone-based alkoxyamines (42 - 47 and 70 - 72).  
2.3 Conclusions 
Novel unsubstituted (42 - 44), methoxy substituted (45 - 47) and pyrrolidine 
substituted (70 - 72) benzophenone-based photosensitive alkoxyamines were 
prepared in order to investigate their relevance to NMP2.  
Lithium-halogen exchange of the key synthetic intermediate, 2-methoxy-5-
bromo-1,1,3,3-tetramethylisoindoline (55), followed by quenching with 
appropriately substituted benzaldehydes facilitated the efficient formation of the 
substituted benzophenone motifs (59, 60 and 66), following oxidation of their 
corresponding diphenylmethanolic cores (56, 57 and 65). Removal of the 
methoxyamine protecting groups with m-CPBA (62, 63 and 67), and incorporation of 
the pyrrolidine substituent under Buchwald-Hartwig reaction conditions (69), then 
facilitated formation of the unsubstituted (15 - 16% overall yield, 9 steps), methoxy 
substituted (15% overall yield, 9 steps) and pyrrolidine substituted (9% overall yield, 
10 steps) benzophenone-based alkoxyamines.  
Substitution of the benzophenone motif with electron donating substituents 
was undertaken in order to address the established HAT photochemistry of the 
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benzophenone motif. UV-visible spectroscopy revealed that the unsubstituted 
benzophenone-based nitroxide (62) and corresponding alkoxyamines (42 - 44) 
maintained lowest n-π* excited singlet states. However, the more electron donating 
pyrrolidine substituent led to an inversion of excited state character. Consistent with 
previous reports of low HAT reactivity of CT excited states of substituted 
benzophenones, photochemical analyses revealed a reduction in the rate of HAT for 
the pyrrolidine substituted benzophenone-based nitroxide (69), relative to the 
unsubstituted (62) and methoxy substituted (63) benzophenone-based nitroxides, in 
the presence of sufficiently labile HAT donors. 
However, reduced involvement of HAT processes did not translate into 
increased photo-dissociation efficiencies. On the contrary, electron donating 
substituents reduced the photo-dissociation efficiency of the benzophenone-based 
alkoxyamines. Accordingly, the electronic distribution of the excited state 
benzophenone motif is a key parameter governing both the HAT reactivity and 
photo-dissociation efficiency of benzophenone-based alkoxyamines. 
The nitroxide recovery obtained for the styrenic unsubstituted benzophenone-
based alkoxyamine (42) is an improvement over preceding photosensitive 
alkoxyamines employing pendant benzophenone chromophores.39 Combined with 
the high nitroxide stability in the absence of sufficiently labile HAT donors, these 
results indicate that photosensitive alkoxyamines derived from the isoindoline class 
of nitroxide may possess a structural advantage over other classes of nitroxides. 
However, the involvement of HAT processes indicates that alternative chromophores 
should be investigated in order to avoid detrimental competitive excited state 




All reagents were purchased from Sigma Aldrich and used without further 
purification. Anhydrous solvents were dried over sodium. Reactions were followed 
by thin layer chromatography (Merck Silica Gel 60 F254). Reactions were purified 
by silica gel column chromatography (Silica gel 60 Å (230 - 400 mesh)). 1H NMR 
analyses were conducted at 400 MHz and 13C NMR analyses conducted at 100 MHz. 
Chemical shifts () for 1H NMR and 13C NMR analyses, conducted in deuterated 
chloroform, are reported in ppm relative to their solvent residual peaks: proton ( = 
7.26 ppm) and carbon ( = 77.16 ppm). Multiplicity is indicated as follows: s 
(singlet); d (doublet); t (triplet); m (multiplet); dd (doublet of doublet); br s (broad 
singlet). Coupling constants are reported in Hertz (Hz). Mass spectrometry analyses 
were conducted with electrospray as the ionization technique. Infrared spectroscopy 
analyses were conducted as neat samples using a Nicolet 870 Nexus Fourier 
Transform infrared spectrometer equipped with a DTGS TEC detector and an 
Attenuated Total Reflectance (ATR) accessory (Nicolet Instrument Corp., Madison, 
WI) using a Smart Endurance single reflection ATR accessory equipped with a 
composite diamond IRE with a 0.75 mm2 sampling surface and a ZnSe focussing 
element. Analytical HPLC were performed on a Hewlett Packard 1100 series HPLC, 
using an Agilent prep-C18 scalar column (10 μm, 4.6 × 150 mm) at a flow rate of 1 
mL/min, purity determined by UV detection of absorbing species at 254 nm. All UV-
visible spectra were recorded on a single beam Varian Cary 50 UV-visible 
spectrophotometer. Melting points were measured on a Gallenkamp variable 
temperature apparatus. EPR analyses were performed with Magnettech Miniscope, 
Bruker EMX and Bruker ELEXSYS EPR spectrometers. Photo-dissociation analyses 
were performed with a Hamamatsu LC8 UV lamp as the light source. 
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2.4.1 Synthetic Procedures 
2.4.1.1 N-Benzylphthalimide (51)15 
 
To a solution of phthalic anhydride (50.0 g, 0.34 mol, 1.0 eq.) in glacial 
acetic acid (400 mL) was added benzylamine (55.0 mL, 0.51 mol, 1.5 eq.). The 
reaction was brought to reflux and stirred for 1.5 hours. The hot reaction mixture was 
poured over ice/water, yielding a white precipitate which was collected by vacuum 
filtration. Recrystallization from ethanol afforded N-benzylphthalimide (51) as a 
white crystalline solid (79.3 g, 99% yield). M.p. 114 - 116 °C, lit.40 113 - 115 °C. 1H 
NMR (400 MHz, CDCl3):  (ppm) = 7.86 - 7.81 (m, 2H, Harom), 7.72 - 7.67 (m, 2H, 
Harom), 7.44 (d, J = 7.2 Hz, 2H, Harom), 7.33 - 7.24 (m, 3H, Harom), 4.85 (s, 2H, CH2). 
HRMS: m/z calculated for C15H11NO2Na [M+Na]+ 260.0682; found 260.0689. These 
data are consistent with that previously reported by Cheng et al.40 
2.4.1.2 2-Benzyl-1,1,3,3-tetramethylisoindoline (52)16 
 
A flame dried 3-neck round bottom flask (2L), equipped with a 500 mL 
dropping funnel, thermometer and dean-stark apparatus, was placed under a positive 
pressure of argon. Oven-dried magnesium (72.0 g, 2.96 mol, 11.7 eq.) and a few 
small crystals of iodine were added. The reaction vessel was further dried by 
repeated flame drying under vacuum followed by the reapplication of an inert 
atmosphere of argon.  
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Anhydrous diethyl ether (400 mL) was added, followed by the cautious 
dropwise addition of methyl iodide (93.0 mL, 1.49 mol, 5.9 eq.). Once the addition 
was complete, the reaction mixture was stirred until all activity had subsided and the 
interior temperature cooled to 60 °C. A solution of N-benzylphthalimide (51) (60.0 g, 
0.25 mol, 1.0 eq.) in anhydrous toluene (500 mL) was added in portions. Diethyl 
ether was removed by distillation until the reaction temperature reached 110 °C. The 
reaction was stirred for 4 hours at reflux.  
The reaction was allowed to return to 60 °C at which point n-hexanes (~ 1.5 
L) was added. The reaction mixture was exposed to the atmosphere and mixed 
thoroughly. The resulting purple slurry was filtered through celite, under vacuum, 
and rinsed thoroughly with n-hexanes (~ 3 L).  
The filtrate was bubbled with air over night and concentrated in vacuo. The 
crude product was passed through a column of basic alumina, eluting with n-hexanes 
and concentrated in vacuo. Recrystallization from methanol afforded 2-benzyl-
1,1,3,3-tetramethylisoindoline (52) as a white crystalline solid (18.8 g, 28% yield). Rf 
= 0.7, n-hexanes. M.p. 62 - 63 °C, lit.16 63 - 64 °C. 1H NMR (400 MHz, CDCl3):  
(ppm) = 7.50 (d, J = 7.6 Hz, 2H, Harom), 7.34 - 7.23 (m, 5H, Harom), 7.19 - 7.15 (m, 
2H, Harom), 4.02 (s, 2H, CH2), 1.34 (s, 12H, 4×CH3). HRMS: m/z calculated for 
C19H24N [M+H]+ 266.1903; found 266.1914. These data are consistent with that 
previously reported by Griffiths et al.16 




A solution of 2-benzyl-1,1,3,3-tetramethylisoindoline (52) (8.01 g, 30.18 
mmol, 1.0 eq.) in dichloromethane (100 mL) was placed in an ice bath and cooled to 
~ 0 °C. A solution of bromine (10.13 g, 63.38 mmol, 2.1 eq.) in dichloromethane (60 
mL) was added dropwise and allowed to stir for 15 minutes. Anhydrous aluminium 
chloride (14.49 g, 108.65 mmol, 3.6 eq.) was added in portions and the reaction 
stirred for one hour at ~ 0 °C. The reaction mixture was poured into ice and stirred 
for 20 minutes. The resulting solution was basified (pH 14) with 10M sodium 
hydroxide and the resulting mixture extracted with dichloromethane. The combined 
organic extracts were washed with water, dried over anhydrous sodium sulphate and 
concentrated in vacuo. The resulting yellow residue was dissolved in methanol (50 
mL) and sodium hydrogen carbonate added (300 mg). Aqueous hydrogen peroxide 
(30%) was added until no further effervescence could be detected. 2M sulphuric acid 
(100 mL) was added (caution : effervescent) and the solution washed with 
dichloromethane. The combined organic phases were back extracted with 2M 
sulphuric acid. The combined acidic aqueous extracts were cooled in an ice bath, 
basified (pH 14) with 10M sodium hydroxide and extracted with dichloromethane. 
The combined organic extracts were washed with water followed by a saturated 
solution of brine and dried over anhydrous sodium sulphate. Removal of the solvent 
in vacuo afforded 5-bromo-1,1,3,3-tetramethylisoindoline (53) as a low melting 
white solid (6.98 g, 91% yield). 1H NMR (400 MHz, CDCl3):  (ppm) = 7.35 (dd, J 
= 8.0, 1.6 Hz, 1H, Harom), 7.23 (d, J = 1.6 Hz, 1H, Harom), 6.98 (d, J = 8.0 Hz, 1H, 
Harom), 1.79 (s, 1H, NH), 1.44 - 1.43 (m, 12H, 4×CH3). HRMS: m/z calculated for 
C12H17BrN [M+H]+ 254.0539; found 254.0547. These data are consistent with that 
previously reported by Micallef et al.17 
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2.4.1.4 5-Bromo-1,1,3,3-tetramethylisoindol-2-yloxyl (54) 
 
To a solution of 5-bromo-1,1,3,3-tetramethylisoindoline (53) (6.03 g, 23.72 
mmol, 1.0 eq.) in dichloromethane (150 mL) was added m-CPBA (77% purity) (6.92 
g, 30.84 mmol, 1.3 eq.) in portions. The reaction was stirred for two hours at room 
temperature. 2M sodium hydroxide was added and the resulting mixture stirred 
vigorously for 15 minutes. The reaction mixture was extracted with dichloromethane. 
The combined organic extracts were washed with water, a saturated solution of brine, 
dried over anhydrous sodium sulphate and concentrated in vacuo. The resulting 
yellow solid was dissolved in n-hexanes and filtered to remove solid 5,6-dibromo-
1,1,3,3-tetramethylisoindol-2-yloxyl. Purification via silica gel column 
chromatography (diethyl ether : n-hexanes; 1 : 2) afforded 5-bromo-1,1,3,3-
tetramethylisoindol-2-yloxyl (54) as an orange solid (5.94 g, 93% yield). Rf = 0.40, 
diethyl ether : n-hexanes, 1 : 2. M.p. 108 - 109 °C, lit.17 109 °C. HRMS: m/z 
calculated for C12H1579BrNONa [M+Na]+ 291.0229; found 291.0230. These data are 
consistent with that previously reported by Micallef et al.17 
2.4.1.5 5-Bromo-2-methoxy-1,1,3,3-tetramethylisoindoline (55)19 
 
To a solution of 5-bromo-1,1,3,3-tetramethylisoindol-2-yloxyl (54) (5.90 g, 
21.92 mmol, 1.0 eq.) in dimethyl sulfoxide (80 mL) was added iron(II) sulphate 
heptahydrate (12.19 g, 43.84 mmol, 2.0 eq.). The reaction was placed in an ice bath 
and 10 mL of aqueous hydrogen peroxide (30%) added in portions (2 mL dropwise 
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at 10 minutes intervals). After one hour the reaction mixture was diluted with water 
and extracted with diethyl ether. The combined organic extracts were washed with a 
saturated solution of brine, dried over anhydrous sodium sulphate and concentrated 
in vacuo. Purification via silica gel column chromatography (diethyl ether : n-
hexanes; 1 : 19) afforded 5-bromo-2-methoxy-1,1,3,3-tetramethylisoindoline (55) as 
a low melting white solid (5.54 g, 89% yield). Rf = 0.52, diethyl ether : n-hexanes, 1 
: 19. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.36 - 7.33 (m, 1H, Harom), 7.22 (s, 1H, 
Harom), 6.97 (dd, J = 7.6, 1.2 Hz, 1H, Harom), 3.77 (s, 3H, OCH3), 1.41 (s, 12H, 
4×CH3). HRMS: m/z calculated for C13H19BrNO [M+H]+ 284.0645; found 284.0643. 




A solution of 5-bromo-2-methoxy-1,1,3,3-tetramethylisoindoline (55) (1.00 
g, 3.52 mmol, 1.0 eq.) in anhydrous THF (50 mL) was cooled to - 78 °C and placed 
under an inert atmosphere of argon. To this solution was added n-butyllithium (1.6 M 
in n-hexanes) (2.40 mL, 3.87 mmol, 1.1 eq.) dropwise. The reaction was allowed to 
stir for 15 minutes, maintaining a constant temperature of reaction (~ - 78 °C). A 
solution of benzaldehyde (1.12 g, 10.56 mmol, 3.0 eq.) in anhydrous THF (50 mL) 
was added dropwise, maintaining a constant temperature of reaction (~ - 78 °C), until 
the addition was complete. The reaction was allowed to return to room temperature 
over two hours and then quenched by the addition of water. The resulting mixture 
was extracted with dichloromethane and the combined organic extracts washed with 
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a saturated solution of brine, dried over anhydrous sodium sulphate and concentrated 
in vacuo. Purification via silica gel column chromatography (diethyl ether : 
dichloromethane; 1 : 19) afforded 5-(hydroxy(phenyl)methyl)-2-methoxy-1,1,3,3-
tetramethylisoindoline (56) as a clear oil (1.04 g, 95% yield). Rf = 0.40, diethyl ether 
: dichloromethane, 1 : 19. IR (ATR) νmax = 3359 (OH), 3027 (=CH), 2972 and 2933 
(–CH), 1618, 1603, 1587, 1492 and 1453 (C=C) cm-1. 1H NMR (400 MHz, CDCl3): 
 (ppm) = 7.40 - 7.33 (m, 4H, Harom), 7.29 - 7.26 (m, 1H, Harom), 7.19 (dd, J = 7.6, 
1.6 Hz, 1H, Harom), 7.17 - 7.16 (m, 1H, Harom), 7.04 (d, J = 7.6 Hz, 1H, Harom), 5.84 - 
5.83 (m, 1H, CH), 3.78 (s, 3H, OCH3), 2.23 - 2.22 (m, 1H, OH), 1.42 (br s, 12H, 
4×CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 145.7, 144.8, 144.0, 143.1, 128.6, 
127.7, 126.7, 125.9, 121.7, 119.8, 76.6, 67.3, 67.0, 65.6, 29.8, 25.4. HRMS: m/z 
calculated for C20H26NO2 [M+H]+ 312.1958; found 312.1951. Purity > 95% as 




A solution of 5-bromo-2-methoxy-1,1,3,3-tetramethylisoindoline (55) (1.02 
g, 3.59 mmol, 1.0 eq.) in anhydrous THF (50 mL) was cooled to - 78 °C and placed 
under an inert atmosphere of argon. To this solution was added n-butyllithium (1.6 M 
in n-hexanes) (2.47 mL, 3.95 mmol, 1.1 eq.) dropwise. The reaction was allowed to 
stir for 15 minutes, maintaining a constant temperature of reaction (~ - 78 °C). A 
solution of 4-methoxybenzaldehyde (1.47 g, 10.77 mmol, 3.0 eq.) in anhydrous THF 
(50 mL) was added dropwise, maintaining a constant temperature of reaction (~ - 78 
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°C), until the addition was complete. The reaction was allowed to return to room 
temperature over two hours and then quenched by the addition of water. The 
resulting mixture was extracted with dichloromethane and the combined organic 
extracts washed with a saturated solution of brine, dried over anhydrous sodium 
sulphate and concentrated in vacuo. Purification via silica gel column 
chromatography (diethyl ether : dichloromethane; 1 : 19) afforded 5-(hydroxy(4-
methoxyphenyl)methyl)-2-methoxy-1,1,3,3-tetramethylisoindoline (57) as a clear oil 
(1.12 g, 91% yield). Rf = 0.35, diethyl ether : dichloromethane, 1 : 19. IR (ATR) νmax 
= 3409 (OH), 3031 (=CH), 2972 and 2933 (–CH), 1611, 1585, 1491 and 1441 
(C=C), 1245 and 1034 (=C–O) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.31 - 
7.28 (m, 2H, Harom), 7.19 - 7.16 (m, 2H, Harom), 7.04 (d, J = 7.6 Hz, 1H, Harom), 6.89 - 
6.86 (m, 2H, Harom), 5.80 - 5.79 (m, 1H, CH), 3.80 - 3.78 (m, 6H, 2×OCH3), 2.19 - 
2.18 (m, 1H, OH), 1.42 (s, 12H, 4×CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 
159.2, 145.6, 144.7, 143.3, 136.3, 128.0, 125.8, 121.6, 119.6, 114.0, 76.1, 67.3, 67.0, 
65.6, 55.4, 29.5, 25.2. HRMS: m/z calculated for C21H28NO3 [M+H]+ 342.2064; 




A solution of 5-bromo-2-methoxy-1,1,3,3-tetramethylisoindoline (55) (1.00 
g, 3.52 mmol, 1.0 eq.) in anhydrous THF (50 mL) was cooled to - 78 °C and placed 
under an inert atmosphere of argon. To this solution was added n-butyllithium (1.6 M 
in n-hexanes) (2.40 mL, 3.87 mmol, 1.1 eq.) dropwise. The reaction was allowed to 
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stir for 15 minutes, maintaining a constant temperature of reaction (~ - 78 °C). A 
solution of 4-(dimethylamino)benzaldehyde (1.58 g, 10.56 mmol, 3.0 eq.) in 
anhydrous THF (50 mL) was added dropwise, maintaining a constant temperature of 
reaction (~ - 78 °C), until the addition was complete. The reaction was allowed to 
return to room temperature over two hours and then quenched by the addition of 
water. The resulting mixture was extracted with dichloromethane and the combined 
organic extracts washed with a saturated solution of brine, dried over anhydrous 
sodium sulphate and concentrated in vacuo. Purification via silica gel column 
chromatography (diethyl ether : dichloromethane; 1 : 19) afforded 5-((4-
(dimethylamino)phenyl)(hydroxy)methyl)-2-methoxy-1,1,3,3-tetramethylisoindoline 
(58) as a yellow oil (1.07 g, 86% yield). Rf = 0.25, diethyl ether : dichloromethane, 1 
: 19. IR (ATR) νmax = 3426 (OH), 3074 (=CH), 2972 and 2932 (–CH), 1613, 1567, 
1489 and 1444 (C=C), 1358 (=C–N) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 
7.23 - 7.18 (m, 4H, Harom), 7.03 (d, J = 8.4 Hz, 1H, Harom), 6.70 (d, J = 8.8 Hz, 2H, 
Harom), 5.773 - 5.765 (m, 1H, CH), 3.77 (s, 3H, OCH3), 2.94 (s, 6H, 2×CH3), 2.07 - 
2.06 (m, 1H, OH), 1.41 (s, 12H, 4×CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 
150.2, 145.3, 144.2, 143.6, 132.2, 127.8, 125.7, 121.4, 119.5, 112.6, 76.2, 67.2, 67.0, 
65.6, 40.7, 29.7, 25.5. HRMS: m/z calculated for C22H31N2O2 [M+H]+ 355.2380; 
found 355.2367. Purity > 95% as determined by analytical HPLC. 
2.4.1.9 5-Benzoyl-2-methoxy-1,1,3,3-tetramethylisoindoline (59) 
 
To a solution of 5-(hydroxy(phenyl)methyl)-2-methoxy-1,1,3,3-tetramethyl-
isoindoline (56) (910 mg, 2.92 mmol, 1.0 eq.) in dichloromethane (100 mL) was 
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added pyridinium chlorochromate (756 mg, 3.51 mmol, 1.2 eq.). The reaction was 
stirred for 2.5 hours at room temperature. The reaction mixture was filtered through 
celite, eluting with dichloromethane, and concentrated in vacuo. Purification via 
silica gel column chromatography (dichloromethane) afforded 5-benzoyl-2-methoxy-
1,1,3,3-tetramethylisoindoline (59) as a white solid after extensive concentration in 
vacuo (850 mg, 94% yield). Rf = 0.38, dichloromethane. M.p. 69 - 70 °C. IR (ATR) 
νmax = 3056 (=CH), 2977 and 2935 (–CH), 1655 (C=O), 1612, 1597, 1576, 1484 and 
1445 (C=C) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.80 (d, J = 7.6 Hz, 2H, 
Harom), 7.66 (d, J = 8.0 Hz, 1H, Harom), 7.61 - 7.57 (m, 2H, Harom), 7.51 - 7.47 (m, 2H, 
Harom), 7.18 (d, J = 8.0 Hz, 1H, Harom), 3.80 (s, 3H, OCH3), 1.47 (s, 12H, 4×CH3). 13C 
NMR (400 MHz, CDCl3):  (ppm) = 196.7, 150.3, 145.8, 138.0, 137.0, 132.4, 130.1, 
130.0, 128.4, 123.5, 121.4, 67.4, 67.2, 65.7, 29.8, 25.0. HRMS: m/z calculated for 





To a solution of 5-(hydroxy(4-methoxyphenyl)methyl)-2-methoxy-1,1,3,3-
tetramethylisoindoline (57) (718 mg, 2.10 mmol, 1.0 eq.) in dichloromethane (100 
mL) was added pyridinium chlorochromate (544 mg, 2.52 mmol, 1.2 eq.). The 
reaction was stirred for 2.5 hours at room temperature. The reaction mixture was 
filtered through celite, eluting with dichloromethane, and concentrated in vacuo. 
Purification via silica gel column chromatography (dichloromethane) afforded 5-(4-
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methoxybenzoyl)-2-methoxy-1,1,3,3-tetramethylisoindoline (60) as a white solid 
(656 mg, 92% yield). Rf = 0.30, dichloromethane. M.p. 80 - 82 °C. IR (ATR) νmax = 
3050 (=CH), 2973 and 2933 (–CH), 1654 (C=O), 1612, 1599, 1574, 1508 and 1463 
(C=C), 1248 and 1030 (=C–O) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.82 (d, 
J = 8.4 Hz, 2H, Harom), 7.62 (d, J = 8.0 Hz, 1H, Harom), 7.53 (s, 1H, Harom), 7.18 (d, J 
= 8.0 Hz, 1H, Harom), 6.97 (d, J = 8.0 Hz, 2H, Harom), 3.90 (s, 3H, OCH3), 3.80 (s, 3H, 
OCH3), 1.47 (s, 12H, 4×CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 195.5, 163.2, 
149.7, 145.6, 137.7, 132.6, 130.5, 129.6, 123.3, 121.3, 113.6, 67.3, 67.2, 65.6, 55.6, 
29.6, 25.0. HRMS: m/z calculated for C21H25NO3Na [M+Na]+ 362.1727; found 




To a solution of 5-((4-(dimethylamino)phenyl)(hydroxy)methyl)-2-methoxy-
1,1,3,3-tetramethylisoindoline (58) (850 mg, 2.40 mmol, 1.0 eq.) in dichloromethane 
(100 mL) was added pyridinium chlorochromate (620 mg, 2.88 mmol, 1.2 eq.). The 
reaction was stirred for 2.5 hours at room temperature. The reaction mixture was 
filtered through celite, eluting with dichloromethane, and concentrated in vacuo. 
Purification via silica gel column chromatography (dichloromethane) afforded 5-(4-
(dimethylamino)benzoyl)-2-methoxy-1,1,3,3-tetramethylisoindoline (61) as a yellow 
solid (643 mg, 76% yield). Rf = 0.15, dichloromethane. M.p. 76 - 78 °C. IR (ATR) 
νmax = 3051 (=CH), 2973 and 2931 (–CH), 1629 (C=O), 1601, 1576 and 1460 (C=C), 
1371 (=C–N) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.80 (d, J = 8.8 Hz, 2H, 
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Harom), 7.61 (dd, J = 7.6, 1.6 Hz, 1H, Harom), 7.49 (s, 1H, Harom), 7.16 (d, J = 8.0 Hz, 
1H, Harom), 6.69 (d, J = 8.8 Hz, 2H, Harom), 3.80 (s, 3H, OCH3), 3.08 (s, 6H, 2×CH3), 
1.46 (br s, 12H, 4×CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 195.0, 153.3, 
148.8, 145.3, 138.6, 132.7, 129.1, 125.1, 123.0, 121.1, 110.6, 67.24, 67.16, 65.6, 
40.1, 29.9, 25.7. HRMS: m/z calculated for C22H28N2O2Na [M+Na]+ 375.2043; found 
375.2048. Purity > 95% as determined by analytical HPLC. 
2.4.1.12 5-Benzoyl-1,1,3,3-tetramethylisoindolin-2-yloxyl (62) 
 
To a solution of 5-benzoyl-2-methoxy-1,1,3,3-tetramethylisoindoline (59) 
(600 mg, 1.94 mmol, 1.0 eq.) in dichloromethane (100 mL) was added m-CPBA 
(77% purity) (957 mg, 4.27 mmol, 2.2 eq.) in portions. The reaction was stirred for 
one hour at room temperature. Sodium hydroxide (2M, 100 mL) was added and the 
resulting mixture stirred vigorously for 15 minutes. The reaction mixture was 
extracted with dichloromethane. The combined organic extracts were washed with 
water followed by a saturated solution of brine, dried over anhydrous sodium 
sulphate and concentrated in vacuo. Purification via silica gel column 
chromatography (diethyl ether : dichloromethane; 1 : 19) followed by 
recrystallization from methanol afforded 5-benzoyl-1,1,3,3-tetramethylisoindolin-2-
yloxyl (62) as small orange needles (526 mg, 92% yield). Rf = 0.35, diethyl ether : 
dichloromethane, 1 : 19. M.p. 149 - 150 °C. IR (ATR) νmax = 3040 (=CH), 2973 and 
2928 (–CH), 1652 (C=O), 1613, 1597, 1577, 1488 and 1449 (C=C), 1430 (NO•) cm-
1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.86 (br s, 2H, Harom), 7.67 - 7.63 (m, 1H, 
Harom), 7.53 (br s, 2H, Harom). HRMS: m/z calculated for C19H20NO2Na [M+Na]+ 
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317.1386; found 317.1384. EPR (DCM): N = 1.424 mT. Purity > 95% as 




To a solution of 5-(4-methoxybenzoyl)-2-methoxy-1,1,3,3-tetramethyl-
isoindoline (60) (550 mg, 1.62 mmol, 1.0 eq.) in dichloromethane (100 mL) was 
added m-CPBA (77% purity) (800 mg, 3.57 mmol, 2.2 eq.) in portions. The reaction 
was stirred for one hour at room temperature. Sodium hydroxide (2M, 100 mL) was 
added and the resulting mixture stirred vigorously for 15 minutes. The reaction 
mixture was extracted with dichloromethane. The combined organic extracts were 
washed with water followed by a saturated solution of brine, dried over anhydrous 
sodium sulphate and concentrated in vacuo. Purification via silica gel column 
chromatography (diethyl ether : dichloromethane, 1 : 19) followed by 
recrystallization from methanol afforded 5-(4-methoxybenzoyl)-1,1,3,3-
tetramethylisoindolin-2-yloxyl (63) as a yellow crystalline solid (484 mg, 92% 
yield). Rf = 0.35, diethyl ether : dichloromethane, 1 : 19. M.p. 108 - 109 °C. IR 
(ATR) νmax = 3064 (=CH), 2978 and 2932 (–CH), 1643 (C=O), 1614, 1600, 1575, 
1506 and 1455 (C=C), 1431 (NO•), 1254 and 1028 (=C–O) cm-1. 1H NMR (400 
MHz, CDCl3):  (ppm) = 7.90 (br s, 2H, Harom), 7.02 (br s, 2H, Harom), 3.94 (s, 3H, 
OCH3). HRMS: m/z calculated for C20H22NO3Na [M+Na]+ 347.1492; found 







A solution of 5-bromo-2-methoxy-1,1,3,3-tetramethylisoindoline (55) (1.03 
g, 3.62 mmol, 1.0 eq.) in anhydrous THF (50 mL) was cooled to - 78 °C and placed 
under an inert atmosphere of argon. To this solution was added n-butyllithium (1.6 M 
in n-hexanes) (2.49 mL, 3.99 mmol, 1.1 eq.) dropwise. The reaction was allowed to 
stir for 15 minutes, maintaining a constant temperature of reaction (~ - 78 °C). A 
solution of 4-bromobenzaldehyde (2.01 g, 10.86 mmol, 3.0 eq.) in anhydrous THF 
(50 mL) was added dropwise, maintaining a constant temperature of reaction (~ - 78 
°C), until the addition was complete. The reaction was allowed to return to room 
temperature over two hours and then quenched by the addition of water. The 
resulting mixture was extracted with dichloromethane and the combined organic 
extracts washed with a saturated solution of brine, dried over anhydrous sodium 
sulphate and concentrated in vacuo. Purification via silica gel column 
chromatography (diethyl ether : dichloromethane; 1 : 19) afforded 5-((4-
bromophenyl)(hydroxy)methyl)-2-methoxy-1,1,3,3-tetramethylisoindoline (65) as a 
clear oil (1.10 g, 78% yield). Rf = 0.45, diethyl ether : dichloromethane, 1 : 19. IR 
(ATR) νmax = 3384 (OH), 2973 and 2932 (–CH), 1616, 1591, 1573, 1486 and 1460 
(C=C), 1070 and 1009 (=C–Br) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.48 - 
7.45 (m, 2H, Harom), 7.27 - 7.24 (m, 2H, Harom), 7.15 (dd, J = 7.6, 1.2 Hz, 1H, Harom), 
7.11 (s, 1H, Harom), 7.05 (d, J = 7.6 Hz, 1H, Harom), 5.77 - 5.76 (m, 1H, CH), 3.78 (s, 
3H, OCH3), 2.34 - 2.33 (m, 1H, OH), 1.42 (s, 12H, 4×CH3). 13C NMR (400 MHz, 
CDCl3):  (ppm) = 145.9, 145.2, 142.9, 142.7, 131.7, 128.4, 125.9, 121.9, 121.5, 
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119.8, 76.0, 67.3, 67.1, 65.7. HRMS: m/z calculated for C20H2579BrNO2 [M+H]+ 




To a solution of 5-((4-bromophenyl)(hydroxy)methyl)-2-methoxy-1,1,3,3-
tetramethylisoindoline (65) (1.03 g, 2.64 mmol, 1.0 eq.) in dichloromethane (100 
mL) was added pyridinium chlorochromate (0.68 g, 3.17 mmol, 1.2 eq.). The 
reaction was stirred for 2.5 hours at room temperature. The reaction mixture was 
filtered through celite, eluting with dichloromethane, and concentrated in vacuo. 
Purification via silica gel column chromatography (dichloromethane) afforded 5-(4-
bromobenzoyl)-2-methoxy-1,1,3,3-tetramethylisoindoline (66) as a white solid (0.90 
g, 88% yield). Rf = 0.50, dichloromethane. M.p. 76 - 78 °C. IR (ATR) νmax = 3070 
(=CH), 2971 and 2931 (–CH), 1654 (C=O), 1613, 1584, 1565, 1483 and 1460 (C=C), 
1068 and 1012 (=C–Br) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.68 - 7.61 
(m, 5H, Harom), 7.55 (d, J = 1.2 Hz, 1H, Harom), 7.19 (dd, J = 7.6, 0.4 Hz, 1H, Harom), 
3.79 (s, 3H, OCH3), 1.46 (br s, 12H, 4×CH3). 13C NMR (400 MHz, CDCl3):  (ppm) 
= 195.6, 150.7, 146.0, 136.8, 136.6, 131.7, 131.6, 129.9, 127.5, 123.4, 121.6, 67.4, 
67.2, 65.7, 29.7, 25.6. HRMS: m/z calculated for C20H2279BrNO2Na [M+Na]+ 






To a solution of 5-(4-bromobenzoyl)-2-methoxy-1,1,3,3-tetramethyl-
isoindoline (66) (0.80 g, 2.06 mmol, 1.0 eq.) in dichloromethane (100 mL) was 
added m-CPBA (77% purity) (1.02 g, 4.53 mmol, 2.2 eq.) in portions. The reaction 
was stirred for one hour at room temperature. 2M sodium hydroxide (100 mL) was 
added and the resulting mixture stirred vigorously for 15 minutes. The reaction 
mixture was extracted with dichloromethane. The combined organic extracts were 
washed with water followed by a saturated solution of brine, dried over anhydrous 
sodium sulphate and concentrated in vacuo. Purification via silica gel column 
chromatography (diethyl ether : dichloromethane, 1 : 19) afforded 5-(4-
bromobenzoyl)-1,1,3,3-tetramethylisoindolin-2-yloxyl (67) as a yellow solid (0.68 g, 
89% yield). Rf = 0.45, diethyl ether : dichloromethane, 1 : 19. M.p. 147 - 148 °C. IR 
(ATR) νmax = 3053 (=CH), 2970 and 2924 (–CH), 1659 (C=O), 1612, 1583, 1565, 
1480 and 1461 (C=C), 1436 (NO•), 1068 and 1010 (=C–Br) cm-1. 1H NMR (400 
MHz, CDCl3):  (ppm) = 7.73 - 7.68 (m, 4H, Harom). HRMS: m/z calculated for 
C19H1979BrNO2Na [M+Na]+ 395.0491; found 395.0502. EPR (DCM): N = 1.426 






To a solution of 5-(4-bromobenzoyl)-2-methoxy-1,1,3,3-tetramethyl-
isoindoline (66) (60 mg, 0.15 mmol, 1.0 eq.) in anhydrous toluene (5 mL) was added 
Pd(OAc)2 (3.47 mg, 0.015 mmol, 0.1 eq.), BINAP (14 mg, 0.023 mmol, 0.15 eq.) 
and Cs2CO3 (83 mg, 0.23 mmol, 1.7 eq.). The reaction mixture was deoxygenated by 
argon bubbling for 20 minutes and stirred under an inert atmosphere of argon. 
Pyrrolidine (16 mg, 0.23 mmol, 1.7 eq.) was added and the reaction heated to 110 °C 
and stirred for 16 hours. After cooling to room temperature, the reaction mixture was 
placed directly onto a short silica column, eluting with a gradient of n-hexanes to 
diethyl ether : n-hexanes (1 : 3), to remove toluene, salts and non polar components. 
Further purification via silica gel column chromatography (diethyl ether : 
dichloromethane, 1 : 19) afforded 5-(4-(pyrrolidin-1-yl)benzoyl)-2-methoxy-1,1,3,3-
tetramethylisoindoline (68) as a yellow solid (48 mg, 82% yield). Rf = 0.13, 
dichloromethane. M.p. 106 - 107 °C. IR (ATR) νmax = 3052 (=CH), 2973and 2923 (–
CH), 1632 (C=O), 1604, 1577, 1488 and 1458 (C=C), 1393 (=C–N) cm-1. 1H NMR 
(400 MHz, CDCl3):  (ppm) = 7.79 (d, J = 8.8 Hz, 2H, Harom), 7.60 (d, J = 8.0 Hz, 
1H, Harom), 7.48 (s, 1H, Harom), 7.16 (d, J = 8.0 Hz, 1H, Harom), 6.55 (d, J = 8.4 Hz, 
2H, Harom), 3.80 (s, 3H, OCH3), 3.40 - 3.37 (m, 4H, 2×CH2), 2.06 - 2.03 (m, 4H, 
2×CH2), 1.46 (br s, 12H, 4×CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 195.1, 
150.0, 148.7, 145.3, 138.8, 133.0, 129.1, 124.6, 123.0, 121.2, 110.7, 67.3, 67.2, 65.7, 
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47.7, 29.8, 25.6, 25.0. HRMS: m/z calculated for C24H31N2O2 [M+H]+ 379.2380; 




To a solution of 5-(4-bromobenzoyl)-1,1,3,3-tetramethylisoindolin-2-yloxyl 
(67) (900 mg, 2.41 mmol, 1.0 eq.) in anhydrous toluene (50 mL) was added 
Pd(OAc)2 (54 mg, 0.24 mmol, 0.1 eq.), BINAP (225 mg, 0.36 mmol, 0.15 eq.) and 
Cs2CO3 (1.33 g, 4.08 mmol, 1.7 eq.). The reaction was deoxygenated by argon 
bubbling for 20 minutes and stirred under an inert atmosphere of argon. Pyrrolidine 
(293 mg, 4.12 mmol, 1.7 eq.) was added and the reaction heated to 110 °C and 
stirred for 16 hours. After cooling to room temperature, the reaction mixture was 
placed directly onto a short silica column, eluting with a gradient of n-hexanes to 
diethyl ether : n-hexanes (1 : 3), to remove toluene, salts and non polar components. 
Further purification via silica gel column chromatography (diethyl ether : 
dichloromethane, 1 : 19) afforded 5-(4-(pyrrolidin-1-yl)benzoyl)-1,1,3,3-
tetramethylisoindolin-2-yloxyl (69) as a yellow solid (702 mg, 80% yield). Rf = 0.25, 
diethyl ether : dichloromethane, 1 : 19. M.p. 175 - 176 °C. IR (ATR) νmax = 3047 
(=CH), 2972 and 2928 (–CH), 1640 (C=O), 1596, 1574, 1483 and 1461 (C=C), 1397 
(=C–N), 1436 (NO•) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.85 (br s, 2H, 
Harom), 6.58 (br s, 2H, Harom), 3.42 (br s, 4H, 2×CH2), 2.07 (br s, 4H, 2×CH2). 
HRMS: m/z calculated for C23H27N2O2Na [M+Na]+ 386.1985; found 386.1989. EPR 




l) benzene (42) 
 
5-Benzoyl-1,1,3,3-tetramethylisoindolin-2-yloxyl (62) (150 mg, 0.51 mmol, 
1.0 eq.) and copper turnings (32 mg, 0.51 mmol, 1.0 eq.) were placed in a round 
bottom flask, sealed with a rubber septum and placed under an inert atmosphere of 
argon. Acetonitrile (5 mL), previously deoxygenated by argon bubbling (1 hour), 
was added via syringe and the reaction mixture further deoxygenated by argon 
bubbling (15 minutes). N,N,N’,N’,N’’-pentamethyldiethylenetriamine (PMDETA) 
(88 mg, 0.51 mmol, 1.0 eq.) and (1-bromoethyl)benzene (118 mg, 0.64 mmol, 1.25 
eq.) were added via syringe and the reaction stirred for 16 hours under an inert 
atmosphere of argon. The reaction mixture was filtered over celite, eluting with 
dichloromethane, and concentrated in vacuo. Purification via silica gel column 
chromatography (diethyl ether : n-hexanes, 1 : 4) afforded (1-((5-benzoyl-1,1,3,3-
tetramethylisoindolin-2-yl)oxy)-ethyl) benzene (42) as a clear oil (191 mg, 94% 
yield). Rf = 0.45, diethyl ether : n-hexanes, 1 : 4. IR (ATR) νmax = 3063 (=CH), 2973 
and 2929 (–CH), 1657 (C=O), 1612, 1598, 1578, 1494 and 1447 (C=C) cm-1. 1H 
NMR (400 MHz, CDCl3):  (ppm) = 7.80 - 7.76 (m, 2H, Harom), 7.66 - 7.27 (m, 10H, 
Harom), 7.20 - 7.07 (m, 1H, Harom), 4.87 (q, J = 6.8 Hz, 1H, CH), 1.65 - 1.64 (m, 3H, 
CH3), 1.59 - 1.58 (m, 3H, CH3), 1.46 - 1.45 (m, 3H, CH3), 1.29 - 1.28 (m, 3H, CH3), 
0.94 (br s, 3H, CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 196.5, 150.6, 150.1, 
146.0, 145.6, 144.7, 144.6, 137.97, 137.95, 136.94, 136.86, 132.3, 130.0, 129.95, 
129.9, 128.3, 128.2, 127.5, 127.1, 123.6, 123.4, 121.6, 121.4, 83.60, 83.56, 67.9, 
67.8, 67.3, 67.2, 30.3, 30.1, 29.7, 29.5, 25.5, 25.3, 25.2, 25.1, 22.5. HRMS: m/z 
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calculated for C27H29NO2Na [M+Na]+ 422.2091; found 422.2105. Purity > 95% as 
determined by analytical HPLC. 
2.4.1.20 Ethyl 2-methyl-2-((5-benzoyl-1,1,3,3-tetramethylisoindolin-
2-yl)oxy) propanoate (43) 
 
5-Benzoyl-1,1,3,3-tetramethylisoindolin-2-yloxyl (62) (150 mg, 0.51 mmol, 
1.0 eq.) and copper turnings (32 mg, 0.51 mmol, 1.0 eq.) were placed in a round 
bottom flask, sealed with a rubber septum and placed under an inert atmosphere of 
argon. Acetonitrile (5 mL), previously deoxygenated by argon bubbling (1 hour), 
was added via syringe and the reaction mixture further deoxygenated by argon 
bubbling (15 minutes). N,N,N’,N’,N’’-pentamethyldiethylenetriamine (PMDETA) 
(88 mg, 0.51 mmol, 1.0 eq.) and ethyl α-bromoisobutyrate (124 mg, 0.64 mmol, 1.25 
eq.) were added via syringe and the reaction stirred for 16 hours under an inert 
atmosphere of argon. The reaction mixture was filtered over celite, eluting with 
dichloromethane, and concentrated in vacuo. Purification via silica gel column 
chromatography (diethyl ether : n-hexanes, 1 : 4) afforded ethyl 2-methyl-2-((5-
benzoyl-1,1,3,3-tetramethylisoindolin-2-yl)oxy) propanoate (43) as a white solid 
(186 mg, 89% yield). Rf = 0.30, diethyl ether : n-hexanes, 1 : 4. M.p. 44 - 46 °C. IR 
(ATR) νmax = 3066 (=CH), 2972 and 2929 (–CH), 1728 and 1651 (C=O), 1611, 
1597, 1577, 1489 and 1447 (C=C) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 
7.79 (dd, J = 8.4, 1.2 Hz, 2H, Harom), 7.66 (dd, J = 8.0, 1.2 Hz, 1H, Harom), 7.61 - 7.58 
(m, 2H, Harom), 7.50 - 7.47 (m, 2H, Harom), 7.17 (d, J = 8.0 Hz, 1H, Harom), 4.23 (q, J 
= 7.2 Hz, 2H, CH2), 1.54 (br s, 3H, CH3), 1.46 - 1.43 (m, 12H, 4×CH3), 1.34 (t, J = 
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7.2 Hz, 3H, CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 196.6, 175.2, 150.2, 
145.6, 138.0, 137.0, 132.3, 130.1, 130.0, 128.3, 123.6, 121.5, 81.4, 68.0, 67.8, 61.0, 
29.7, 29.5, 25.3, 25.09, 25.07, 25.0, 14.3. HRMS: m/z calculated for C25H31NO4Na 
[M+Na]+ 432.2145; found 432.2149. Purity > 95% as determined by analytical 
HPLC. 
2.4.1.21 Ethyl 2-((5-benzoyl-1,1,3,3-tetramethylisoindolin-2-yl)oxy) 
propanoate (44) 
 
5-Benzoyl-1,1,3,3-tetramethylisoindolin-2-yloxyl (62) (150 mg, 0.51 mmol, 
1.0 eq.) and copper turnings (32 mg, 0.51 mmol, 1.0 eq.) were placed in a round 
bottom flask, sealed with a rubber septum and placed under an inert atmosphere of 
argon. Acetonitrile (5 mL), previously deoxygenated by argon bubbling (1 hour), 
was added via syringe and the reaction mixture further deoxygenated by argon 
bubbling (15 minutes). N,N,N’,N’,N’’-pentamethyldiethylenetriamine (PMDETA) 
(88 mg, 0.51 mmol, 1.0 eq.) and ethyl 2-bromopropionate (115 mg, 0.64 mmol, 1.25 
eq.) were added via syringe and the reaction stirred for 16 hours under an inert 
atmosphere of argon. The reaction mixture was filtered over celite, eluting with 
dichloromethane, and concentrated in vacuo. Purification via silica gel column 
chromatography (diethyl ether : n-hexanes, 1 : 4) afforded ethyl 2-((5-benzoyl-
1,1,3,3-tetramethylisoindolin-2-yl)oxy) propanoate (44) as a clear oil (183 mg, 91% 
yield). Rf = 0.30, diethyl ether : n-hexanes, 1 : 4. IR (ATR) νmax = 3056 (=CH), 2973 
and 2932 (–CH), 1749 and 1650 (C=O), 1612, 1598, 1578, 1489 and 1447 (C=C) 
cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.80 - 7.78 (m, 2H, Harom), 7.66 (d, J = 
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7.6 Hz, 1H, Harom), 7.61 - 7.57 (m, 2H, Harom), 7.50 - 7.47 (m, 2H, Harom), 7.17 (d, J = 
7.6 Hz, 1H, Harom), 4.50 (q, J = 6.8 Hz, 1H, CH), 4.28 - 4.19 (m, 2H, CH2), 1.57 - 
1.56 (m, 3H, CH3), 1.49 - 1.41 (m, 12H, 4×CH3), 1.32 (t, J = 6.8 Hz, 3H, CH3). 13C 
NMR (400 MHz, CDCl3):  (ppm) = 196.6, 174.0, 173.9, 150.3, 149.7, 145.7, 145.2, 
138.0, 137.2, 137.1, 132.4, 130.2, 130.1, 130.0, 128.4, 123.8, 123.5, 121.7, 121.5, 
81.6, 81.5, 68.2, 68.1, 67.9, 67.8, 60.8, 30.5, 30.4, 29.9, 29.7, 25.5, 25.3, 25.1, 25.0, 
18.1, 14.4. HRMS: m/z calculated for C24H30NO4 [M+H]+ 396.2169; found 
396.2173. Purity > 95% as determined by analytical HPLC. 
2.4.1.22 (1-((5-(4-Methoxybenzoyl)-1,1,3,3-tetramethylisoindolin-2-
yl)oxy)-ethyl) benzene (45) 
 
5-(4-Methoxybenzoyl)-1,1,3,3-tetramethylisoindolin-2-yloxyl (63) (140 mg, 
0.43 mmol, 1.0 eq.) and copper turnings (27 mg, 0.43 mmol, 1.0 eq.) were placed in 
a round bottom flask, sealed with a rubber septum and placed under an inert 
atmosphere of argon. Acetonitrile (5 mL), previously deoxygenated by argon 
bubbling (1 hour), was added via syringe and the reaction mixture further 
deoxygenated by argon bubbling (15 minutes). N,N,N’,N’,N’’-
pentamethyldiethylenetriamine (PMDETA) (75 mg, 0.43 mmol, 1.0 eq.) and (1-
bromoethyl)benzene (100 mg, 0.54 mmol, 1.25 eq.) were added via syringe and the 
reaction stirred for 16 hours under an inert atmosphere of argon. The reaction 
mixture was filtered over celite, eluting with dichloromethane, and concentrated in 
vacuo. Purification via silica gel column chromatography (diethyl ether : n-hexanes, 
1 : 2) afforded (1-((5-(4-methoxybenzoyl)-1,1,3,3-tetramethylisoindolin-2-yl)oxy)-
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ethyl) benzene (45) as a clear oil (171 mg, 92% yield). Rf = 0.38, diethyl ether : n-
hexanes, 1 : 2. IR (ATR) νmax = 3060 (=CH), 2971 and 2929 (–CH), 1650 (C=O), 
1614, 1602, 1576, 1493 and 1454 (C=C), 1255 and 1033 (=C–O) cm-1. 1H NMR 
(400 MHz, CDCl3):  (ppm) = 7.86 - 7.78 (m, 2H, Harom), 7.62 - 7.26 (m, 7H, Harom), 
7.19 - 7.07 (m, 1H, Harom), 6.98 - 6.94 (m, 2H, Harom), 4.87 (q, J = 6.8 Hz, 1H, CH), 
3.89 - 3.88 (m, 3H, OCH3), 1.65 - 1.64 (m, 3H, CH3), 1.59 - 1.58 (m, 3H, CH3), 1.46 
- 1.45 (m, 3H, CH3), 1.29 - 1.28 (m, 3H, CH3), 0.94 (br s, 3H, CH3). 13C NMR (400 
MHz, CDCl3):  (ppm) = 195.3, 163.1, 149.9, 149.4, 145.7, 145.4, 144.63, 144.59, 
137.6, 137.5, 132.4, 130.39, 130.37, 129.4, 129.3, 128.2, 127.5, 127.0, 123.3, 123.1, 
121.4, 121.2, 113.5, 83.51, 83.48, 67.8, 67.7, 67.2, 67.1, 55.4, 30.2, 30.1, 29.6, 29.5, 
25.4, 25.3, 25.2, 25.0, 22.4. HRMS: m/z calculated for C28H31NO3Na [M+Na]+ 
452.2196; found 452.2201. Purity > 95% as determined by analytical HPLC. 
2.4.1.23 Ethyl 2-methyl-2-((5-(4-methoxybenzoyl)-1,1,3,3-tetra-
methylisoindolin-2-yl)oxy) propanoate (46) 
 
5-(4-Methoxybenzoyl)-1,1,3,3-tetramethylisoindolin-2-yloxyl (63) (140 mg, 
0.43 mmol, 1.0 eq.) and copper turnings (27 mg, 0.43 mmol, 1.0 eq.) were placed in 
a round bottom flask, sealed with a rubber septum and placed under an inert 
atmosphere of argon. Acetonitrile (5 mL), previously deoxygenated by argon 
bubbling (1 hour), was added via syringe and the reaction mixture further 
deoxygenated by argon bubbling (15 minutes). N,N,N’,N’,N’’-
pentamethyldiethylenetriamine (PMDETA) (75 mg, 0.43 mmol, 1.0 eq.) and ethyl α-
bromoisobutyrate (105 mg, 0.54 mmol, 1.25 eq.) were added via syringe and the 
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reaction stirred for 16 hours under an inert atmosphere of argon. The reaction 
mixture was filtered over celite, eluting with dichloromethane, and concentrated in 
vacuo. Purification via silica gel column chromatography (diethyl ether : n-hexanes, 
1 : 2) afforded ethyl 2-methyl-2-((5-(4-methoxybenzoyl) -1,1,3,3-
tetramethylisoindolin-2-yl)oxy) propanoate (46) as a white solid (176 mg, 93% 
yield). Rf = 0.28, diethyl ether : n-hexanes, 1 : 2. M.p. 78 - 79 °C. IR (ATR) νmax = 
3062 (=CH), 2976 and 2934 (–CH), 1729 and 1646 (C=O), 1613, 1602, 1576, 1506 
and 1455 (C=C), 1254 and 1029 (=C–O) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) 
= 7.82 (d, J = 8.8 Hz, 2H, Harom), 7.62 (dd, J = 8.0, 1.6 Hz, 1H, Harom), 7.51 (d, J = 
1.2 Hz, 1H, Harom), 7.16 (d, J = 8.0 Hz, 1H, Harom), 6.97 (d, J = 8.8 Hz, 2H, Harom), 
4.23 (q, J = 7.2 Hz, 2H, CH2), 3.89 (s, 3H, OCH3), 1.54 (br s, 6H, 2×CH3), 1.46 - 
1.42 (m, 12H, 4×CH3), 1.34 (t, J = 7.2 Hz, 3H, CH3). 13C NMR (400 MHz, CDCl3): 
 (ppm) = 195.5, 175.3, 163.2, 149.6, 145.5, 137.7, 132.6, 130.5, 129.6, 123.4, 
121.5, 113.6, 81.5, 68.0, 67.9, 61.0, 55.6, 29.7, 29.6, 25.3, 25.2, 25.12, 25.05, 14.3. 
HRMS: m/z calculated for C26H34NO5 [M+H]+ 440.2431; found 440.2445. Purity > 
95% as determined by analytical HPLC. 
2.4.1.24 Ethyl 2-((5-(4-methoxybenzoyl)-1,1,3,3-tetramethyliso-
indolin-2-yl)oxy) propanoate (47) 
 
5-(4-Methoxybenzoyl)-1,1,3,3-tetramethylisoindolin-2-yloxyl (63) (140 mg, 
0.43 mmol, 1.0 eq.) and copper turnings (27 mg, 0.43 mmol, 1.0 eq.) were placed in 
a round bottom flask, sealed with a rubber septum and placed under an inert 
atmosphere of argon. Acetonitrile (5 mL), previously deoxygenated by argon 
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bubbling (1 hour), was added via syringe and the reaction mixture further 
deoxygenated by argon bubbling (15 minutes). N,N,N’,N’,N’’-
pentamethyldiethylenetriamine (PMDETA) (75 mg, 0.43 mmol, 1.0 eq.) and ethyl 2-
bromopropionate (98 mg, 0.54 mmol, 1.25 eq.) were added via syringe and the 
reaction stirred for 16 hours under an inert atmosphere of argon. The reaction 
mixture was filtered over celite, eluting with dichloromethane, and concentrated in 
vacuo. Purification via silica gel column chromatography (diethyl ether : n-hexanes, 
1 : 2) afforded ethyl 2-((5-(4-methoxybenzoyl)-1,1,3,3-tetramethylisoindolin-2-
yl)oxy) propanoate (47) as a white solid (169 mg, 92% yield). Rf = 0.25, diethyl 
ether : n-hexanes, 1 : 2. M.p. 62 - 64 °C. IR (ATR) νmax = 3061 (=CH), 2976 and 
2934 (–CH), 1728 and 1647 (C=O), 1613, 1602, 1576, 1506 and 1455 (C=C), 1253 
and 1029 (=C–O) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.81 (d, J = 8.8 Hz, 
2H, Harom), 7.62 (d, J = 7.6 Hz, 1H, Harom), 7.51 (d, J =4.8 Hz, 1H, Harom), 7.16 (d, J 
= 7.6 Hz, 1H, Harom), 6.96 (d, J = 8.8 Hz, 2H, Harom), 4.50 (q, J = 6.8 Hz, 1H, CH), 
4.27 - 4.20 (m, 2H, CH2), 3.89 (s, 3H, OCH3), 1.56 - 1.55 (m, 3H, CH3), 1.49 - 1.41 
(m, 12H, 4×CH3), 1.32 (t, J = 6.8 Hz, 3H, CH3). 13C NMR (400 MHz, CDCl3):  
(ppm) = 195.5, 174.0, 163.3, 149.6, 149.1, 145.5, 145.1, 137.9, 137.7, 132.6, 130.5, 
129.7, 129.6, 123.5, 123.3, 121.6, 121.4, 113.7, 81.57, 81.55, 68.2, 68.1, 67.9, 67.8, 
60.8, 55.6, 30.5, 30.4, 29.9, 29.7, 25.5, 25.3, 25.1, 25.0, 18.1, 14.4. HRMS: m/z 
calculated for C25H32NO5 [M+H]+ 426.2275; found 426.2277. Purity > 95% as 




dolin-2-yl)oxy)-ethyl) benzene (70) 
 
5-(4-(Pyrrolidin-1-yl)benzoyl)-1,1,3,3-tetramethylisoindolin-2-yloxyl (69) 
(125 mg, 0.34 mmol, 1.0 eq.) and copper turnings (22 mg, 0.34 mmol, 1.0 eq.) were 
placed in a round bottom flask, sealed with a rubber septum and placed under an 
inert atmosphere of argon. Acetonitrile (5 mL), previously deoxygenated by argon 
bubbling (1 hour), was added via syringe and the reaction mixture further 
deoxygenated by argon bubbling (15 minutes). N,N,N’,N’,N’’-
pentamethyldiethylenetriamine (PMDETA) (60 mg, 0.34 mmol, 1.0 eq.) and (1-
bromoethyl)benzene (80 mg, 0.43 mmol, 1.25 eq.) were added via syringe and the 
reaction stirred for 16 hours under an inert atmosphere of argon. The reaction 
mixture was filtered over celite, eluting with dichloromethane, and concentrated in 
vacuo. Purification via silica gel column chromatography (diethyl ether : n-hexanes, 
1 : 1) afforded (1-((5-(4-(pyrrolidin-1-yl)benzoyl)-1,1,3,3-tetramethylisoindolin-2-
yl)oxy)-ethyl) benzene (70) as a yellow solid (148 mg, 92% yield). Rf = 0.38, diethyl 
ether : n-hexanes, 1 : 1. M.p. 108 - 110 °C. IR (ATR) νmax = 3031 (=CH), 2973 and 
2926 (–CH), 1638 (C=O), 1607, 1580, 1493 and 1451 (C=C), 1400 (=C–N) cm-1. 1H 
NMR (400 MHz, CDCl3):  (ppm) = 7.80 - 7.76 (m, 2H, Harom), 7.60 - 7.26 (m, 7H, 
Harom), 7.17 - 7.05 (m, 1H, Harom), 6.56 - 6.52 (m, 2H, Harom), 4.87 (q, J = 6.8 Hz, 1H, 
CH), 3.39 - 3.38 (m, 2H, CH2), 2.05 - 2.04 (m, 2H, CH2), 1.64 - 1.58 (m, 6H, 
2×CH3), 1.451 - 1.446 (m, 3H, CH3), 1.29 - 1.28 (m, 3H, CH3), 0.93 (br s, 3H, CH3). 
13C NMR (400 MHz, CDCl3):  (ppm) = 194.9, 150.8, 148.8, 148.4, 145.3, 145.0, 
144.69, 144.66, 138.7, 138.6, 132.9, 129.0, 128.9, 128.1, 127.4, 127.0, 124.39, 
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124.37, 123.1, 122.9, 121.2, 121.0, 110.6, 83.44, 83.43, 67.8, 67.7, 67.2, 67.1, 47.5, 
30.3, 30.2, 29.7, 29.5, 25.5, 25.4, 25.3, 25.2, 25.1, 22.4. HRMS: m/z calculated for 
C31H37N2O2 [M+H]+ 469.2850; found 469.2830. Purity > 95% as determined by 
analytical HPLC. 
2.4.1.26 Ethyl 2-methyl-2-((5-(4-(pyrrolidin-1-yl)benzoyl)-1,1,3,3-
tetramethylisoindolin-2-yl)oxy) propanoate (71) 
 
5-(4-(Pyrrolidin-1-yl)benzoyl)-1,1,3,3-tetramethylisoindolin-2-yloxyl (69) 
(125 mg, 0.34 mmol, 1.0 eq.) and copper turnings (22 mg, 0.34 mmol, 1.0 eq.) were 
placed in a round bottom flask, sealed with a rubber septum and placed under an 
inert atmosphere of argon. Acetonitrile (5 mL), previously deoxygenated by argon 
bubbling (1 hour), was added via syringe and the reaction mixture further 
deoxygenated by argon bubbling (15 minutes). N,N,N’,N’,N’’-
pentamethyldiethylenetriamine (PMDETA) (60 mg, 0.34 mmol, 1.0 eq.) and ethyl α-
bromoisobutyrate (84 mg, 0.43 mmol, 1.25 eq.) were added via syringe and the 
reaction stirred for 16 hours under an inert atmosphere of argon. The reaction 
mixture was filtered over celite, eluting with dichloromethane, and concentrated in 
vacuo. Purification via silica gel column chromatography (diethyl ether : n-hexanes, 
1 : 1) afforded ethyl 2-methyl-2-((5-(4-(pyrrolidin-1-yl)benzoyl)-1,1,3,3-
tetramethylisoindolin-2-yl)oxy) propanoate (71) as an off white solid (142 mg, 86% 
yield). Rf = 0.25, diethyl ether : n-hexanes, 1 : 1. M.p. 100 - 102 °C. IR (ATR) νmax = 
3049 (=CH), 2975 and 2929 (–CH), 1729 and 1631 (C=O), 1605, 1581 and 1488 
(C=C), 1399 (=C–N) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.79 (d, J = 8.8 
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Hz, 2H, Harom), 7.60 (d, J = 8.0, 1.2 Hz, 1H, Harom), 7.47 (s, 1H, Harom), 7.14 (d, J = 
7.6 Hz, 1H, Harom), 6.55 (d, J = 8.8 Hz, 2H, Harom), 4.23 (q, J = 7.2 Hz, 2H, CH2), 
3.40 - 3.37 (m, 4H, 2×CH2), 2.06 - 2.03 (m, 4H, 2×CH2), 1.54 (br s, 6H, 2×CH3), 
1.45 - 1.42 (m, 12H, 4×CH3), 1.34 (t, J = 7.2 Hz, 3H, CH3). 13C NMR (400 MHz, 
CDCl3):  (ppm) = 195.1, 175.3, 150.9, 148.5, 145.1, 138.8, 133.0, 129.1, 124.6, 
123.2, 121.3, 110.7, 81.4, 68.0, 67.9, 61.0, 47.7, 29.8, 29.7, 25.6, 25.3, 25.2, 25.13, 
25.07, 14.3. HRMS: m/z calculated for C29H39N2O4 [M+H]+ 479.2904; found 
479.2907. Purity > 95% as determined by analytical HPLC. 
2.4.1.27 Ethyl 2-((5-(4-(pyrrolidin-1-yl)benzoyl)-1,1,3,3-tetramethyl-
isoindolin-2-yl)oxy) propanoate (72) 
 
5-(4-(Pyrrolidin-1-yl)benzoyl)-1,1,3,3-tetramethylisoindolin-2-yloxyl (69) 
(125 mg, 0.34 mmol, 1.0 eq.) and copper turnings (22 mg, 0.34 mmol, 1.0 eq.) were 
placed in a round bottom flask, sealed with a rubber septum and placed under an 
inert atmosphere of argon. Acetonitrile (5 mL), previously deoxygenated by argon 
bubbling (1 hour), was added via syringe and the reaction mixture further 
deoxygenated by argon bubbling (15 minutes). N,N,N’,N’,N’’-
pentamethyldiethylenetriamine (PMDETA) (60 mg, 0.34 mmol, 1.0 eq.) and ethyl 2-
bromopropionate (78 mg, 0.43 mmol, 1.25 eq.) were added via syringe and the 
reaction stirred for 16 hours under an inert atmosphere of argon. The reaction 
mixture was filtered over celite, eluting with dichloromethane, and concentrated in 
vacuo. Purification via silica gel column chromatography (diethyl ether : n-hexanes, 
1 : 1) afforded ethyl 2-((5-(4-(pyrrolidin-1-yl)benzoyl)-1,1,3,3-tetramethylisoindolin-
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2-yl)oxy) propanoate (72) as an off white solid (144 mg, 90% yield). Rf = 0.25, 
diethyl ether : n-hexanes, 1 : 1. M.p. 88 - 89 °C. IR (ATR) νmax = 3051 (=CH), 2974 
and 2931 (–CH), 1736 and 1632 (C=O), 1605, 1578 and 1488 (C=C), 1399 (=C–N) 
cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.79 (d, J = 8.8 Hz, 2H, Harom), 7.60 
(d, J = 7.2 Hz, 1H, Harom), 7.46 (d, J = 4.4 Hz, 1H, Harom), 7.14 (d, J = 6.4 Hz, 1H, 
Harom), 6.55 (d, J = 8.8 Hz, 2H, Harom), 4.50 (q, J = 6.8 Hz, 1H, CH), 4.28 - 4.20 (m, 
2H, CH2), 3.40 - 3.37 (m, 4H, 2×CH2), 2.06 - 2.03 (m, 4H, 2×CH2), 1.56 - 1.55 (m, 
3H, CH3), 1.49 - 1.40 (m, 12H, 4×CH3), 1.32 (t, J = 6.8 Hz, 3H, CH3). 13C NMR 
(400 MHz, CDCl3):  (ppm) = 195.1, 174.1, 151.0, 148.5, 148.0, 145.1, 144.7, 139.1, 
138.9, 133.5, 129.3, 129.2, 124.6, 123.3, 123.0, 121.4, 121.2, 110.7, 81.58, 81.55, 
68.2, 68.1, 67.9, 67.8, 60.8, 47.7, 30.5, 30.4, 29.9, 29.8, 25.6, 25.5, 25.4, 25.1, 25.0, 
18.1, 14.4. HRMS: m/z calculated for C28H37N2O4 [M+H]+ 465.2748; found 
465.2752. Purity > 95% as determined by analytical HPLC. 
2.4.2 Molar Extinction Coefficient Calculations 
2.4.2.1 5-Benzoyl-1,1,3,3-tetramethylisoindolin-2-yloxyl (62) in 
Acetonitrile 
 
























5-Benzoyl-1,1,3,3-tetramethylisoindolin-2-yloxyl (62) in acetonitrile; stock 
solution 0.000255 mol.L-1 diluted to 0.000212, 0.000170, 0.000127 and 0.000043 
mol.L-1. Molar extinction coefficient calculated at 338 nm. 
2.4.2.2 5-(4-Methoxybenzoyl)-1,1,3,3-tetramethylisoindolin-2-yloxyl (63) 
in Acetonitrile 
 
Figure 2.25: Molar extinction coefficient calculation of 5-(4-methoxybenzoyl)-1,1,3,3-
tetramethylisoindolin-2-yloxyl (63) 
5-(4-Methoxybenzoyl)-1,1,3,3-tetramethylisoindolin-2-yloxyl (63) in 
acetonitrile; stock solution 0.000141 mol.L-1 diluted to 0.000118, 0.000101, 
0.000079 and 0.000047 mol.L-1. Molar extinction coefficient calculated at 338 nm. 
2.4.2.3 5-(4-(Pyrrolidin-1-yl)benzoyl)-1,1,3,3-tetramethylisoindolin-2-yl-
oxyl (69) in Acetonitrile 
 
Figure 2.26: Molar extinction coefficient calculation of 5-(4-(pyrrolidin-1-yl)benzoyl)-
1,1,3,3-tetramethylisoindolin-2-yloxyl (69)  
5-(4-(Pyrrolidin-1-yl)benzoyl)-1,1,3,3-tetramethylisoindolin-2-yloxyl (69) in 











































0.00000069 and 0.00000034 mol.L-1. Molar extinction coefficient calculated at 355 
nm. 
2.4.2.4 5-Benzoyl-1,1,3,3-tetramethylisoindolin-2-yloxyl (62) in tert-
Butylbenzene 
 
Figure 2.27: Molar extinction coefficient calculation of 5-benzoyl-1,1,3,3-
tetramethylisoindolin-2-yloxyl (62)  
5-Benzoyl-1,1,3,3-tetramethylisoindolin-2-yloxyl (62) in tert-butylbenzene; 
stock solution 0.000374 mol.L-1 diluted to 0.000311, 0.000267, 0.000208 and 
0.000125 mol.L-1. Molar extinction coefficient calculated at 345 nm. 
2.4.2.5 (1-((5-Benzoyl-1,1,3,3-tetramethylisoindolin-2-yl)oxy)-ethyl) 
benzene (42) in tert-Butylbenzene 
 
Figure 2.28: Molar extinction coefficient calculation of (1-((5-benzoyl-1,1,3,3-
tetramethylisoindolin-2-yl)oxy)-ethyl) benzene (42)  
(1-((5-Benzoyl-1,1,3,3-tetramethylisoindolin-2-yl)oxy)-ethyl) benzene (42) in 
tert-butylbenzene; stock solution 0.000300 mol.L-1 diluted to 0.000250, 0.000215, 












































yl)oxy) propanoate (43) in tert-Butylbenzene 
 
Figure 2.29: Molar extinction coefficient calculation of ethyl 2-methyl-2-((5-benzoyl-
1,1,3,3-tetramethylisoindolin-2-yl)oxy) propanoate (43)  
Ethyl 2-methyl-2-((5-benzoyl-1,1,3,3-tetramethylisoindolin-2-yl)oxy) 
propanoate (43) in tert-butylbenzene; stock solution 0.000244 mol.L-1 diluted to 
0.000204, 0.000174, 0.000122 and 0.000081 mol.L-1. Molar extinction coefficient 
calculated at 345 nm. 
2.4.2.7 Ethyl 2-((5-benzoyl-1,1,3,3-tetramethylisoindolin-2-yl)oxy) prop-
anoate (44) in tert-Butylbenzene 
 
Figure 2.30: Molar extinction coefficient calculation of ethyl 2-((5-benzoyl-1,1,3,3-
tetramethylisoindolin-2-yl)oxy) propanoate (44) 
Ethyl 2-((5-benzoyl-1,1,3,3-tetramethylisoindolin-2-yl)oxy) propanoate (44) 
in tert-butylbenzene; stock solution 0.000253 mol.L-1 diluted to 0.000211, 0.000181, 











































2.4.2.8 5-(4-Methoxybenzoyl)-1,1,3,3-tetramethylisoindolin-2-yloxyl (63) 
in tert-Butylbenzene 
 
Figure 2.31: Molar extinction coefficient calculation of 5-(4-methoxybenzoyl)-1,1,3,3-
tetramethylisoindolin-2-yloxyl (63) 
5-(4-Methoxybenzoyl)-1,1,3,3-tetramethylisoindolin-2-yloxyl (63) in tert-
butylbenzene; stock solution 0.000154 mol.L-1 diluted to 0.000139, 0.000116, 
0.000093 and 0.000062 mol.L-1. Molar extinction coefficient calculated at 338 nm. 
2.4.2.9 (1-((5-(4-Methoxybenzoyl)-1,1,3,3-tetramethylisoindolin-2-yl)ox-
y)-ethyl) benzene (45) in tert-Butylbenzene 
 
Figure 2.32: Molar extinction coefficient calculation of (1-((5-(4-methoxybenzoyl)-1,1,3,3-
tetramethylisoindolin-2-yl)oxy)-ethyl) benzene (45) 
(1-((5-(4-Methoxybenzoyl)-1,1,3,3-tetramethylisoindolin-2-yl)oxy)-ethyl) 
benzene (45) in tert-butylbenzene; stock solution 0.000194 mol.L-1 diluted to 
0.000167, 0.000146, 0.000116 and 0.000083 mol.L-1. Molar extinction coefficient 












































methylisoindolin-2-yl)oxy) propanoate (46) in tert-Butylbenzene 
 
Figure 2.33: Molar extinction coefficient calculation of ethyl 2-methyl-2-((5-(4-
methoxybenzoyl) -1,1,3,3-tetramethylisoindolin-2-yl)oxy) propanoate (46) 
Ethyl 2-methyl-2-((5-(4-methoxybenzoyl) -1,1,3,3-tetramethylisoindolin-2-
yl)oxy) propanoate (46) in tert-butylbenzene; stock solution 0.000190 mol.L-1 diluted 
to 0.000163, 0.000142, 0.000114 and 0.000076 mol.L-1. Molar extinction coefficient 
calculated at 338 nm. 
2.4.2.11 Ethyl 2-((5-(4-methoxybenzoyl)-1,1,3,3-tetramethyliso-
indolin-2-yl)oxy) propanoate (47) in tert-Butylbenzene 
 
Figure 2.34: Molar extinction coefficient calculation of ethyl 2-((5-(4-methoxybenzoyl)-
1,1,3,3-tetramethylisoindolin-2-yl)oxy) propanoate (47) 
Ethyl 2-((5-(4-methoxybenzoyl)-1,1,3,3-tetramethylisoindolin-2-yl)oxy) 
propanoate (47) in tert-butylbenzene; stock solution 0.000235 mol.L-1 diluted to 
0.000196, 0.000168, 0.000131 and 0.000078 mol.L-1. Molar extinction coefficient 












































2-yloxyl (69) in tert-Butylbenzene 
 
Figure 2.35: Molar extinction coefficient calculation of 5-(4-(pyrrolidin-1-yl)benzoyl)-
1,1,3,3-tetramethylisoindolin-2-yloxyl (69) 
5-(4-(Pyrrolidin-1-yl)benzoyl)-1,1,3,3-tetramethylisoindolin-2-yloxyl (69) in 
tert-butylbenzene; stock solution 0.00000275 mol.L-1 diluted to 0.00000230, 
0.00000197, 0.00000153 and 0.00000092 mol.L-1. Molar extinction coefficient 
calculated at 350 nm. 
2.4.2.13 (1-((5-(4-(Pyrrolidin-1-yl)benzoyl)-1,1,3,3-tetramethylisoin-
dolin-2-yl)oxy)-ethyl) benzene (70) in tert-Butylbenzene 
 
Figure 2.36: Molar extinction coefficient calculation of (1-((5-(4-(pyrrolidin-1-yl)benzoyl)-
1,1,3,3-tetramethylisoindolin-2-yl)oxy)-ethyl) benzene (70) 
(1-((5-(4-(Pyrrolidin-1-yl)benzoyl)-1,1,3,3-tetramethylisoindolin-2-yl)oxy)-
ethyl) benzene (70) in tert-butylbenzene; stock solution 0.00000213 mol.L-1 diluted 
to 0.00000178, 0.00000152, 0.00000119 and 0.00000071 mol.L-1. Molar extinction 












































tetramethylisoindolin-2-yl)oxy) propanoate (71) in tert-
Butylbenzene 
 
Figure 2.37: Molar extinction coefficient calculation of ethyl 2-methyl-2-((5-(4-(pyrrolidin-
1-yl)benzoyl)-1,1,3,3-tetramethylisoindolin-2-yl)oxy) propanoate (71) 
Ethyl 2-methyl-2-((5-(4-(pyrrolidin-1-yl)benzoyl)-1,1,3,3-tetramethyliso-
indolin-2-yl)oxy) propanoate (71) in tert-butylbenzene; stock solution 0.00000209 
mol.L-1 diluted to 0.00000174, 0.00000149, 0.00000116 and 0.00000070 mol.L-1. 
Molar extinction coefficient calculated at 344 nm. 
2.4.2.15 Ethyl 2-((5-(4-(pyrrolidin-1-yl)benzoyl)-1,1,3,3-tetramethy-
lisoindolin-2-yl)oxy) propanoate (72) in tert-Butylbenzene 
 
Figure 2.38: Molar extinction coefficient calculation of ethyl 2-((5-(4-(pyrrolidin-1-
yl)benzoyl)-1,1,3,3-tetramethylisoindolin-2-yl)oxy) propanoate (72)  
Ethyl 2-((5-(4-(pyrrolidin-1-yl)benzoyl)-1,1,3,3-tetramethylisoindolin-2-
yl)oxy) propanoate (72) in tert-butylbenzene; stock solution 0.00000215 mol.L-1 
diluted to 0.00000179, 0.00000154, 0.00000120 and 0.00000072 mol.L-1. Molar 











































2.4.3 Photochemical Analyses 
2.4.3.1 General Procedures 
2.4.3.1.1 Photo-Dissociation Studies 
To an EPR spectroscopy tube was added 600 μL of a 1×10-4 mol.L-1 solution 
of an appropriate alkoxyamine in tert-butylbenzene. The EPR spectroscopy tube was 
placed within the EPR spectrometer, irradiated at a wavelength as specified and 
monitored over time. 
2.4.3.1.2 Nitroxide Photochemical Stability in tert-Butylbenzene 
To an EPR spectroscopy tube was added 600 μL of a 1×10-4 mol.L-1 solution 
of an appropriate nitroxide in tert-butylbenzene. The EPR spectroscopy tube was 
analysed as is, or, deoxygenated by the freeze-pump-thaw method, as specified. The 
EPR spectroscopy tube was placed within the EPR spectrometer, irradiated at a 
wavelength as specified and monitored over time. 
2.4.3.1.3 Hydrogen Atom Transfer Studies 
To an EPR spectroscopy tube was added 600 μL of a 1×10-4 mol.L-1 solution 
of an appropriate alkoxyamine in cyclohexane. The solution within the EPR 
spectroscopy tube was deoxygenated by the freeze-pump-thaw method. The 
deoxygenated EPR spectroscopy tube was placed within the EPR spectrometer, 
irradiated at a wavelength as specified and monitored over time. After reaching a 
minimum nitroxide concentration, the EPR spectroscopy tube was opened to the 
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3 Chapter 3 Aromatic Carbonyl-Based Photosensitive 
Alkoxyamines 
3.1 Introduction 
The quintessential feature of photosensitive alkoxyamines is the translation of 
electromagnetic energy into chemical energy to facilitate alkoxyamine bond 
homolysis.1 Despite the importance of this process, the mechanism of energy transfer 
from the excited state chromophore to the pendant alkoxyamine moiety has not been 
established.  
Recently Rotllant et al. used quantum mechanical calculations to investigate a 
model photosensitive alkoxyamine based on an acetophenone chromophore (73) 
(Figure 3.1).2 
 
Figure 3.1: Model acetophenone-based photosensitive alkoxyamine investigated by Rotllant 
et al.2 
Alkoxyamine bond homolysis was proposed to proceed through 
photoinduced electron transfer- (PET) type processes from the alkoxyamine moiety 
to the excited triplet state acetophenone chromophore. The partial positive charge 
formed on the nitrogen atom following electron transfer was shown to induce a 
planarization of the alkoxyamine moiety at the nitrogen centre. In turn, planarization 
of the alkoxyamine moiety led to a twisting of the alkyl fragment to accommodate 
the modified steric interactions upon planarization. Importantly, planarization at the 
nitrogen centre caused an elongation of the NO-C bond length with a concomitant 
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shortening of the N-OC bond length. Based on the elongation of the NO-C bond, the 
authors identified the planarized state as the important predissociative intermediate 
facilitating alkoxyamine bond homolysis, provided sufficient excited state energy 
remained to overcome the modified BDE.2 
The involvement of PET processes of aromatic carbonyls is well-understood.3 
In particular, PET processes between amines and benzophenone have received 
considerable attention.4 PET processes involving benzophenone have been utilized as 
model systems to probe photosensitized DNA damage5 as well as efficient initiating 
systems for uncontrolled photopolymerizations.6  
Similar to the HAT reactivity of aromatic carbonyls, PET processes proceed 
through the lowest excited triplet states of aromatic carbonyls, typically of n-π* 
character.3 Accordingly, HAT and PET are competitive processes for the dissipation 
of excited triplet state energy of aromatic carbonyls. The photochemical outcome of 
the excited triplet state carbonyl is dependent on the availability of hydrogen atom 
and electron donors, as well as the relative rates of their interaction.3 In the absence 
of hydrogen atom or electron donors, the long-lived excited triplet states of aromatic 
carbonyls dissipate excited state energy thermally.7 However, in the presence of 
hydrogen atom or electron donors, HAT and PET compete for the dissipation of 
excited state energy.  
The most extensively studied photochemical reaction is the photochemical 
reduction of benzophenone through HAT processes.7,8 In the classic example, 
pincaolization of benzophenone in ethanol, HAT processes are favoured by the 
abundance of hydrogen atom donors, leading to the near quantitative formation of the 
benzopinacol dimer.9 Similar efficiencies for PET processes can be achieved in the 
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presence of electron donors by the judicious exclusion HAT donors. However, when 
both hydrogen atom and electron donors are present, deactivation of excited state 
energy is competitive between both HAT and PET processes.10  
Hydrogen atom donors are present during the polymerization of a range of 
monomers. In particular, polymerization of methacrylates are known to be highly 
susceptible to HAT processes, ultimately leading to a broadening of molecular 
weight distributions.11 Accordingly, in the case of photosensitive alkoxyamines 
derived from aromatic carbonyls, HAT processes of the excited triplet state carbonyl 
represent an undesirable photochemical outcome that would limit the potential for 
controlled polymerizations under electromagnetic irradiation. However, whilst HAT 
processes are dependent on chance collisions between the excited triplet state 
carbonyl and HAT donor, intramolecular PET from the alkoxyamine moiety to the 
excited triplet state carbonyl proceeds though a ‘permanent collision complex’, 
increasing the efficiency of PET processes.3 Accordingly, whilst HAT and PET are 
competitive excited state processes, PET processes are imbued with a structural 
advantage, facilitating increased competition for the dissipation of excited state 
energy through electron transfer.  
The efficiency of PET processes is dependent on the thermodynamic driving 
force of the reaction.3 Though there is no information on the ground state oxidation 
potentials of alkoxyamines, a useful approximation of excited state reduction 
potentials can be obtained through application of the Rehm-Weller equation, which 
applies an excited state energy correction to ground state reduction potentials (E*red = 
ET + Ered).12 As Table 3.1 demonstrates, the structurally similar aromatic carbonyls 
fluorenone, benzophenone and anthraquinone possess wide ranging predicted excited 
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state reduction potentials. As the driving force for PET increases with increasing 
excited state reduction potentials, PET is anticipated to increase in the order 
fluorenone < benzophenone < anthraquinone.  
Table 3.1: Predicted excited state reduction potentials of aromatic carbonyls 
Chromophore ET (eV) Ered (eV) E*red (eV) 
Fluorenone 2.18a -1.29b 0.89 
Benzophenone 2.97a -1.83c 1.14 
Anthraquinone 2.71a -0.69d 2.02 
E*red = ET + Ered. ET = Excited triplet state energy, Ered = Ground state reduction potential (vs. 
SCE), E*red = Excited triplet state reduction potential. a = Reference 13, b = Reference 14, c 
= Reference 15, d = Reference 16. 
To evaluate the potential role of PET processes in the photo-dissociation of 
photosensitive alkoxyamines, fluorenone- (74 - 76) and anthraquinone- (77 - 79) 
based photosensitive alkoxyamines were proposed for comparison with the 
benzophenone-based photosensitive alkoxyamines (42 - 44) previously examined 
(Figure 3.2).  
Under a PET paradigm, the fluorenone-based alkoxyamines (74 - 76) are 
anticipated to exhibit a lower photo-dissociation efficiency than the benzophenone-
based alkoxyamines (42 - 44), which in turn, are anticipated to exhibit a lower photo-
dissociation efficiency than the anthraquinone-based alkoxyamines (77 - 79). Such a 
trend would support photo-dissociation proceeding through PET processes based on 
the predicted excited state reduction potentials of benzophenone, fluorenone and 




Figure 3.2: Proposed benzophenone- (42 - 44), fluorenone- (74 - 76) and anthraquinone- (77 
- 79) based photosensitive alkoxyamines  
3.2 Results and Discussion 
3.2.1 Proposed Synthetic Approach of Fluorenone-Based Alkoxyamines 
Li et al. recently reported an efficient synthetic route to furnish the 
fluorenone motif through palladium catalysed dehydrogenative cyclization.17 This 
approach facilitates direct access to the fluorenone motif from a corresponding 
benzophenone motif. Accordingly, as the benzophenone-based system was 
previously prepared (Chapter 2), direct access to a fluorenone-based system was 
proposed (Scheme 3.1). The benzophenone-based methoxyamine (59) was selected 
for this transformation as the harsh reaction conditions (trifluoroacetic acid, 140 °C) 
were expected to be incompatible with both the nitroxide (62)18 and the 
benzophenone-based alkoxyamines (42 - 44).19 Removal of the methoxyamine 
protecting group with m-CPBA to regenerate the nitroxide moiety (81),20 would then 
facilitate formation of the target fluorenone-based alkoxyamines under ATRA 




Scheme 3.1: Proposed synthetic approach toward the fluorenone-based alkoxyamines (74 - 
76) 
3.2.2 Synthesis of Fluorenone-Based Alkoxyamines 
Under similar reaction conditions to that previously employed by Li et al.,17 
dehydrogenative cyclization of the previously prepared benzophenone-based 
methoxyamine (59) furnished the fluorenone-based methoxyamine (80) in low yield 
(30%) (Scheme 3.2).  
 
Scheme 3.2: Reaction conditions employed toward the synthesis of the fluorenone motif (80) 
The reaction was proposed by Li et al. to proceed through carbonyl directed 
electrophilic palladation of the in situ generated Pd(OTFA)2 catalytic species (A) 
(Scheme 3.3). Concerted metalation deprotonation was suggested to account for C-H 
bond cleavage of the generated 5-membered palladacycle (A) to generate 
intermediate B. Reductive elimination of the palladated intermediate C was then 
proposed to furnish the fluorenone motif. The generated Pd(0), formed upon 
120 
 
reductive elimination of C, is then oxidized by Ag(I) to regenerate Pd(II), thus 
completing the catalytic cycle.17  
 
Scheme 3.3: Proposed mechanistic cycle for the synthesis of fluorenone through 
dehydrogenative cyclization 
Significant degradation during dehydrogenative cyclization of 59 was 
apparent, with a crude yield of 75% obtained following basic aqueous work up. As 
Li et al. obtained high yields of dehydrogenative cyclization for a broad range of 
substrates,17 degradation may be attributable to the incorporated isoindoline motif. A 
potential cause for degradation of the palladated-, benzophenone- or fluorenone-
based methoxyamine species may be the formation of nitroxides during the reaction. 
Nitroxides are known to be unstable under acidic conditions at elevated 
temperatures, degrading through disproportionation processes.18  
The benzophenone-based methoxyamine (59) was selected for this synthetic 
transformation owing to its high thermal stability compared to the styrenic (42), 
methacrylic (43) and acrylic (44) benzophenone-based alkoxyamines which are all 
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thermolytically labile, leading to the formation of nitroxides at elevated 
temperatures. However, Bagryanskaya et al. has demonstrated a significant reduction 
in the NO-C BDE upon protonation of an alkoxyamine.22 Accordingly, in the 
presence of trifluoroacetic acid and heating of the reaction to 140 °C, nitroxide 
formation may proceed through thermolysis of the methoxyamine bond, following 
protonation of the nitrogen centre, leading to a reduction in the yield of the 
fluorenone-based methoxyamine (80).  
Dehydrogenative cyclization to form the fluorenone-based methoxyamine 
(80) was confirmed by 1H NMR spectroscopy. Integration of the 1H NMR spectra 
revealed the loss of peaks corresponding to two hydrogen atoms in the aromatic 
region, consistent with dehydrogenative cyclization to form the fluorenone motif 
(80). Furthermore, a characteristic shift of the carbonyl stretch from 1655 cm-1 (59) 
to 1704 (80) cm-1 in the IR transmittance spectra was observed, supporting formation 
of the fluorenone motif (Figure 3.3). 
 
Figure 3.3: IR transmittance spectra overlay of the benzophenone- (59) and fluorenone- (80) 
based methoxyamines 
Following incorporation of the fluorenone motif, demethylation of the 























fluorenone-based nitroxide (81) (Scheme 3.4).20 Under reaction conditions similar to 
that previously employed for the benzophenone-based methoxyamine (59), 
demethylation with m-CPBA furnished the fluorenone-based nitroxide (81) in good 
yield (87%). 
 
Scheme 3.4: Reaction conditions employed toward the synthesis of the fluorenone-based 
nitroxide (81) 
Removal of the methoxyamine protecting group (80) led to a broadening of 
peaks in the 1H NMR spectrum, consistent with paramagnetic broadening of the 
nitroxide moiety (81). Furthermore, a characteristic three line EPR spectrum and 
hyperfine coupling constant (ɑN = 1.429 mT) was obtained,23 confirming the 
presence of the fluorenone-based nitroxide (81) (Figure 3.4). 
 
Figure 3.4: EPR spectrum of the fluorenone-based nitroxide (81) 
In order to compare the photo-dissociation efficiency of photosensitive 
alkoxyamines derived from the fluorenone-based system with those previously 
prepared for the analogous benzophenone-based system (42 - 44), styrenic (74), 
methacrylic (75) and acrylic (76) fluorenone-based alkoxyamines were prepared 
(Scheme 3.5). The target alkoxyamines were prepared from radicals derived from (1-




bromoethyl)benzene, ethyl α-bromoisobutyrate and ethyl 2-bromopropionate using a 
similar Cu mediated ATRA system to that employed for the benzophenone-based 
alkoxyamines (42 - 44).21 However, due to the poor solubility of 81 in acetonitrile, 
THF was added as a co-solvent at a ratio of 1:1.  
 
Scheme 3.5: Reaction conditions employed toward the synthesis of the fluorenone-based 
alkoxyamines (74 - 76) 
Characteristic 1H NMR spectra confirmed incorporation of the alkoxyamine 
moieties. Peaks corresponding to the hydrogen atoms geminal to the oxygen atom of 
the NO motif for the styrenic (74) and acrylic (76) fluorenone-based alkoxyamines 
(74 4.857 ppm and 76 4.480 ppm) (Figure 3.5) were observed. Furthermore, 
characteristic peaks corresponding to the methylene hydrogen atoms of the 
incorporated ester groups of the methacrylic (75) and acrylic (76) fluorenone-based 
alkoxyamines were observed (75 4.230 ppm and 76 4.274 - 4.199 ppm) (Figure 3.5). 
The peak corresponding to methylene hydrogen atoms of the incorporated ester 
group appeared as a multiplet for the acrylic fluorenone-based alkoxyamine (76) due 
to the generation of a stereogenic centre upon formation of the alkoxyamine moiety 




Figure 3.5: 1H NMR spectra overlay of the fluorenone-based alkoxyamines (74 - 76) 
3.2.3 Proposed  Synthetic  Approach  of  Anthraquinone-Based  
Alkoxyamines 
The synthetic approach toward the anthraquinone-based alkoxyamines (77 - 
79) was proposed to proceed through a similar synthetic methodology to that 
previously employed for the benzophenone-based alkoxyamines (42 - 44) (Scheme 
3.6). Following synthesis of the nitroxide-protected brominated isoindoline (55), 
previously described in Chapter 2, lithium-halogen exchange of 55 followed by 
quenching with phthalic anhydride was proposed to afford the carboxyl substituted 
benzophenone-based methoxyamine (82).24 Dehydrative cyclization with 
concentrated sulphuric acid would then furnish the anthraquinone motif (83).25 
Demethylation of the anthraquinone-based methoxyamine (83) with m-CPBA to 
regenerate the nitroxide moiety (84)20 would then facilitate formation of the targeted 







Scheme 3.6: Proposed synthetic approach toward the anthraquinone-based alkoxyamines (77 
- 79) 
3.2.4 Synthesis of Anthraquinone-Based Alkoxyamines 
Synthesis of the anthraquinone motif proceeded through a similar synthetic 
approach to that previously employed toward the synthesis of the benzophenone-
based system. Accordingly, lithium-halogen exchange of the nitroxide-protected 
brominated isoindoline (55) followed by quenching with phthalic anhydride 
furnished the carboxyl substituted benzophenone-based methoxyamine (82) in 
moderate yield (44%) (Scheme 3.7).24 
 
Scheme 3.7: Reaction conditions employed toward the carboxyl substituted benzophenone-
based methoxyamine (82) 
Formation of the carboxyl substituted benzophenone motif (82) was 
confirmed by the appearance of characteristic peaks in the 13C NMR spectrum 
consistent with the carbonyl carbons of the benzophenone (196.85 ppm) and 
carboxyl (169.73 ppm) moieties (Figure 3.6). Furthermore, supporting formation of 
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the carboxyl and benzophenone moieties, the IR transmittance spectrum revealed 
characteristic carbonyl stretches at 1718 and 1674 cm-1. 
 
Figure 3.6: 13C NMR spectrum of the carboxyl substituted benzophenone-based 
methoxyamine (82) 
Dehydrative cyclization of the carboxyl substituted benzophenone-based 
methoxyamine (82) with concentrated sulphuric acid then furnished the desired 
anthraquinone motif (83) (Scheme 3.8).25  
 
Scheme 3.8: Reaction conditions employed toward the synthesis of the anthraquinone-based 
methoxyamine (83) 
Though the reaction proceeded in good yield (78%), dehydrative cyclization 
was sensitive to the presence of residual 1,2-dibenzoic acid carried forward from the 
previous synthetic step. Accordingly, considerable effort was required to ensure high 
purity of the starting carboxyl substituted benzophenone-based methoxyamine (82) 
(> 99% purity confirmed by analytical HPLC) prior to dehydrative cyclization. 
The 1H NMR spectrum of the anthraquinone-based methoxyamine (83) 
revealed a reduction in the number of peaks with respect to the carboxyl substituted 
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benzophenone-based methoxyamine (82), characteristic of the formation of the 
symmetrical anthraquinone motif (83) (Figure 3.7). Furthermore, the peak 
corresponding to the carbonyl carbon of the carboxyl moiety, previously observed by 
13C NMR spectroscopy, was no longer apparent, consistent with dehydrative 
cyclization to form the anthraquinone motif (83). 
 
Figure 3.7: 1H NMR spectra overlay of the carboxyl substituted benzophenone-based 
methoxyamine (82) and anthraquinone-based methoxyamine (83) 
Following incorporation of the anthraquinone motif (83), demethylation of 
the methoxyamine (83) was undertaken to furnish the corresponding anthraquinone-
based nitroxide (84) (Scheme 3.9).20  
 
Scheme 3.9: Reaction conditions employed toward the synthesis of the anthraquinone-based 
nitroxide (84) 
Under reaction conditions similar to that previously employed for the 
benzophenone- (59) and fluorenone- (80) based methoxyamines, demethylation with 
m-CPBA furnished the anthraquinone-based nitroxide (84) in good yield (91%). 





nitroxide (84) was observed, similar to the benzophenone- (62) and fluorenone- (81) 
based nitroxides previously observed. Furthermore, a characteristic three line EPR 
spectrum and hyperfine coupling constant (ɑN = 1.412 mT) was obtained (Figure 
3.8), consistent with formation of the of the nitroxide moiety (84).23 
 
Figure 3.8: EPR spectrum of the anthraquinone-based nitroxide (84) 
In order to compare the photo-dissociation efficiency of photosensitive 
alkoxyamines derived from the anthraquinone motif with those previously prepared 
for the analogous benzophenone- (42 - 44) and fluorenone- (74 - 76) based systems, 
styrenic (77), methacrylic (78) and acrylic (79) anthraquinone-based alkoxyamines 
were prepared (Scheme 3.10). The target alkoxyamines were prepared from radicals 
derived from (1-bromoethyl)benzene, ethyl α-bromoisobutyrate and ethyl 2-
bromopropionate using a similar Cu mediated ATRA system to that employed for the 
benzophenone- (42 - 44) and fluorenone- (74 - 76) based alkoxyamines.21 ATRA 
reactions proceeded in good yield (91 - 94%), however, due to the poor solubility of 
84 in acetonitrile, THF was added as a co-solvent at a 1:1 ratio. 





Scheme 3.10: Reaction conditions employed toward the synthesis of the anthraquinone-
based alkoxyamines (77 - 79) 
1H NMR spectroscopy revealed peaks characteristic of the incorporated 
alkoxyamine moieties similar to that observed for the benzophenone- (42 - 44) and 
fluorenone- (74 - 76) based alkoxyamines. Furthermore, 13C NMR spectroscopy 
revealed peaks characteristic of the anthraquinone motif as well as the incorporated 
alkoxyamine moieties (Figure 3.9). For each of the styrenic (77), methacrylic (78) 
and acrylic (79) anthraquinone-based alkoxyamines, characteristic peaks were 
observed in the 13C NMR spectra consistent with the carbonyl moieties of the 
anthraquinone motif (77 183.2 ppm, 78 183.0 ppm and 79 183.1 ppm). Additionally, 
peaks characteristic of the carbonyl moieties of the incorporated methacrylic (78) and 
acrylic (79) ester functionalities were observed (78 175.0 ppm and 79 173.8 ppm). 
Furthermore, peaks characteristic of the carbon bound to the oxygen atom of the NO 




Figure 3.9: 13C NMR spectra overlay of the anthraquinone-based alkoxyamines (77 - 79) 
3.2.5 Photophysical Investigation of Fluorenone- and Anthraquinone-
Based Alkoxyamines 
The investigated chromophores were selected for their intrinsic photophysical 
and photochemical properties, to determine their relevance to photosensitive 
alkoxyamines. Accordingly, to determine whether incorporation of the isoindoline 
motif led to deviation of the photophysical properties of the parent chromophores, 
from which a deviation in the photochemical properties may be inferred, the 
photophysical properties of the fluorenone- (81) and anthraquinone- (84) based 
nitroxides and their corresponding alkoxyamines (74 - 79) were investigated.  
Furthermore, the UV-visible absorbance spectra provide information on the 
range of wavelengths available to photo-dissociation studies. Additionally, the 
calculated molar extinction coefficients reveal the relative absorptivities of the 







The measured UV-visible absorbance spectra demonstrate the lowest excited 
singlet state electronic transitions of each of the benzophenone- (62), fluorenone- 
(81) and anthraquinone- (84) based nitroxides (Figure 3.10). 
 
Figure 3.10: UV-visible absorbance spectra overlay of the benzophenone- (62), fluorenone- 
(81) and anthraquinone- (84) based nitroxides in acetonitrile (62 = 2.7 × 10-4 mol.L-1, 81 = 
2.7 × 10-4 mol.L-1, 84 = 3.3 × 10-4 mol.L-1) 
Bathochromic shifts in the absorbance maxima of the lowest excited singlet 
state transitions were observed for the fluorenone- (81) and anthraquinone- (84) 
based nitroxides relative to the benzophenone-based nitroxide (62). Furthermore, 
bathochromic shifts in the tail region of the characteristic π-π* electronic transitions 
(vertical region) were observed with increasing conjugation of the π-system 
(benzophenone < fluorenone < anthraquinone). 
While no significant solvatochromic shift was observed for the fluorenone- 
(81) and anthraquinone- (84) based nitroxides (Figure 3.11), the absorbance maxima, 
vibrational structure and molar extinction coefficients (Figure 3.11 and Table 3.2) are 






















Figure 3.11: UV-visible absorbance spectra overlay of the fluorenone- (81) and 
anthraquinone- (84) based nitroxides in acetonitrile (81 = 3.1 × 10-4 mol.L-1, 84 = 2.5 × 10-4 
mol.L-1) and tert-butylbenzene (81 = 2.3 × 10-4 mol.L-1, 84 = 2.7 × 10-5 mol.L-1) solvents  
Accordingly, incorporation of the isoindoline motif did not appear to 
significantly alter the photophysical properties of the parent chromophores. As such, 
the photochemical properties of the investigated fluorenone- (81) and anthraquinone-
(84) based nitroxides were expected to correlate well with the parent 
chromophores.27 
To determine whether incorporation of the alkoxyamine moieties led to a 
deviation of the photophysical properties relative to the corresponding nitroxides, the 
UV absorbance properties of the fluorenone- (74 - 76) and anthraquinone- (77 - 79) 
based photosensitive alkoxyamines were examined.  
The fluorenone-based alkoxyamines (74 - 76) displayed similar vibrational 
structure and molar extinction coefficients to their corresponding nitroxide (81) 

















81 (Acetonitrile) 81 (tert-Butylbenzene)




Figure 3.12: UV-visible absorbance spectra overlay of the fluorenone-based nitroxide (81) 
and corresponding alkoxyamines (74 - 76) in tert-butylbenzene (81 = 2.0 × 10-4 mol.L-1, 74 = 
2.0 × 10-4 mol.L-1, 75 = 2.1 × 10-4 mol.L-1, 76 = 2.1 × 10-4 mol.L-1) 
However, reduced overlapping of the characteristic π-π* and n-π* transitions 
was observed for the fluorenone-based alkoxyamines (74 - 76) relative to their 
corresponding nitroxide (81). The reduced overlap of π-π* and n-π* transitions 
resulted in an apparent change in the absorbance maxima of the lowest excited 
singlet state transitions of the fluorenone-based alkoxyamines (74 - 76) relative to 
their corresponding nitroxide (81) (Figure 3.12).  
Furthermore, noticeable hypsochromic shifts were observed in the tail 
sections of the lowest n-π* electronic transitions for the fluorenone-based 
alkoxyamines (74 - 76) relative to their corresponding nitroxide (81), similar to that 
observed for the benzophenone-based systems previously examined.  
The anthraquinone-based alkoxyamines (77 - 79) displayed similar 
absorbance maxima, vibrational structure and molar extinction coefficients to their 























Figure 3.13: UV-visible absorbance spectra overlay of the anthraquinone-based nitroxide 
(84) and corresponding alkoxyamines (77 - 79) in tert-butylbenzene (84 = 2.1 × 10-4 mol.L-1, 
77 = 2.0 × 10-4 mol.L-1, 78 = 1.9 × 10-4 mol.L-1, 79 = 2.2 × 10-4 mol.L-1) 
However, similar to the benzophenone-based system previously examined, 
noticeable bathochromic and hypsochromic shifts were observed for the 
anthraquinone-based alkoxyamines (77 - 79) relative to their corresponding nitroxide 
(84). The tail section of the second excited singlet state (vertical region) evidenced a 
bathochromic shift upon incorporation of the alkoxyamine moieties (77 - 79). 
Furthermore, the lowest excited singlet state transition evidenced a hypsochromic 
shift upon incorporation of the alkoxyamine moieties (77 - 79).  
Despite small deviations in the UV-visible absorbance properties of the 
fluorenone- (74 - 76) and anthraquinone- (77 - 79) based alkoxyamines relative to 
their corresponding nitroxides (81 and 84 respectively), the photophysical properties 
of the fluorenone- (74 - 76) and anthraquinone- (77 - 79) based alkoxyamines appear 
consistent with the parent fluorenone and anthraquinone chromophores.26 
Accordingly, the photochemical properties of the fluorenone- (74 - 76) and 
anthraquinone- (77 - 79) based alkoxyamines were anticipated to correlate well with 
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Table 3.2: Photophysical properties of examined fluorenone- and anthraquinone-based 
systems 










81 362 408.39 370 280.36 
 
74 380 339.31 -  
 
75 380 338.52 -  
 
76 380 313.22 -  
 
84 392 211.85 388 216.07 
 
77 392 224.18 -  
 
78 392 252.45 -  
 
79 392 207.11 -  
a = measured at max. 
3.2.6 Photochemical Investigation of Fluorenone- and Anthraquinone-
Based Alkoxyamines 
The foremost requisite for mediating a controlled NMP2 process is efficient 
photo-dissociation of the alkoxyamine moiety to furnish alkyl and nitroxide radicals. 
Accordingly, photo-dissociation studies by EPR spectroscopy were performed to 
investigate the potential for photo-induced cleavage of the fluorenone- (74 - 76) and 
anthraquinone- (77 - 79) based alkoxyamines. Direct irradiation within the EPR 
cavity facilitated real time monitoring of nitroxide formation (Figure 3.14). Oxygen 
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was used as the alkyl radical scavenger to prevent recombination of the nitroxide and 
alkyl radicals.28 
 
Figure 3.14: General photo-dissociation process 
A broad range UV source (UVA, UVB and UVC), a well defined UVA 
source and a broad range visible light source were each employed (Figure 3.15). 
 
Figure 3.15: Broad range UV, UVA and visible light irradiance spectra 
Photo-dissociation studies were performed in tert-butylbenzene with a 
concentration of 1 × 10-4 mol.L-1 for each of the fluorenone- (74 - 76) and 
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3.2.6.1 Photochemical Investigation of Fluorenone-Based Alkoxyamines 
Initial investigations focused on the potential photo-induced cleavage of the 
styrenic fluorenone-based alkoxyamine (74) in order to optimize the irradiation 
conditions to the fluorenone chromophore before assessing the corresponding 
methacrylic (75) and acrylic (76) alkoxyamines. Solutions of the styrenic fluorenone-
based alkoxyamine (74) in tert-butylbenzene were irradiated within the EPR cavity. 
Under broad range UV, UVA and visible light irradiation no discernible increase in 
the nitroxide recovery was observed (Figure 3.16).  
 
Figure 3.16: Nitroxide recoveries obtained for the styrenic fluorenone-based alkoxyamine 
(74) under broad range UV, UVA and visible light irradiation 
Similar photo-dissociation studies were applied to the methacrylic (75) and 
acrylic (76) fluorenone-based alkoxyamines (Figure 3.17). Under direct UVA and 
visible light irradiation, no discernible increase in the nitroxide recovery was 



























Figure 3.17: Nitroxide recoveries obtained for the methacrylic (75) and acrylic (76) 
fluorenone-based alkoxyamines under UVA and visible light irradiation 
The reduced photo-dissociation efficiency of the styrenic fluorenone-based 
alkoxyamine (74) relative to the styrenic benzophenone-based alkoxyamine (42) 
previously examined is consistent with a reduced efficiency of PET processes. 
Furthermore, the excited triplet state energy of fluorenone is lower than the excited 
triplet state energy of benzophenone (Table 3.1). Accordingly, the reduced photo-
dissociation efficiency of the fluorenone-based system may potentially be ascribed to 
inefficient PET processes, or, insufficient excited state energy to overcome the BDE 
of the fluorenone-based alkoxyamines (74 - 76).  
Alternatively, the reduced photo-dissociation efficiency of the fluorenone-
based system may be attributable to competitive excited state processes. 
Accordingly, the photochemical stability of the fluorenone-based nitroxide (81) was 
assessed to determine whether rapid photochemical degradation of the potentially 
generated fluorenone-based nitroxide (81) could account for the low nitroxide 
recoveries obtained (Figure 3.18). As oxygen quenching of excited states could 
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deoxygenated solutions of 81 in tert-butylbenzene were investigated under visible 
light irradiation.  
After an initial 4% decrease in the concentration of the fluorenone-based 
nitroxide (81), under both oxygenated and deoxygenated conditions, the nitroxide 
stability remained constant over 5 hours of visible light irradiation. Accordingly, the 
high photochemical stability of the fluorenone-based nitroxide (81) indicates that the 
low nitroxide recoveries obtained for the fluorenone-based alkoxyamines (74 - 76) 
could not be ascribed to rapid photochemical degradation of a generated nitroxide 
moiety. 
 
Figure 3.18: Nitroxide stabilities obtained under oxygenated and deoxygenated conditions 
for the fluorenone-based nitroxide (81) under visible light irradiation 
Fluorenone is known to undergo HAT processes similar to that of 
benzophenone previously described.27 Accordingly, HAT from the styrenic (74), 
methacrylic (75) and acrylic (76) alkoxyamine moieties to the excited state carbonyl 
of the fluorenone motif may account for the low nitroxide recoveries obtained. 
Reaction of HAT derived radical species with the nitroxide (81) may furnish 
photochemically insensitive alkoxyamines. Furthermore, HAT induced 
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rendering the photochemically reduced alkoxyamines insensitive to the applied 
irradiation conditions. Accordingly, to assess the potential for HAT, cyclohexane, a 
more labile hydrogen atom donor than the previously employed tert-butylbenzene, 
was used as the solvent.30 To determine if HAT processes could account for the low 
nitroxide recoveries obtained for the fluorenone-based alkoxyamines (74 - 76), a 
deoxygenated solution of the fluorenone-based nitroxide (81) in cyclohexane was 
subjected to UVA irradiation and monitored by EPR spectroscopy (Figure 3.19).  
 
Figure 3.19: Nitroxide stability in cyclohexane obtained under deoxygenated conditions for 
the fluorenone-based nitroxide (81) under UVA irradiation 
A reduction in the concentration of 81 was observed over 20 hours, consistent 
with the involvement of HAT processes. Upon cessation of UVA irradiation and 
introduction of air into the EPR sample, the nitroxide recovery increased similar to 
the benzophenone-based nitroxide (62) previously examined. Regeneration of the 
nitroxide moiety upon exposure to air is consistent with the presence of 
hydroxylamine which is oxidized to the corresponding nitroxide by molecular 
oxygen.31 
As previously discussed for the benzophenone-based nitroxides (62, 63 and 
69), the formation of hydroxylamine could potentially be explained by three separate 





























fluorenone motif, with subsequent oxidation of the generated ketyl radical by a 
ground state nitroxide (Scheme 3.11).32 Secondly, HAT from cyclohexane to the 
excited state carbonyl of the fluorenone motif, followed by addition of the 
fluorenone-based nitroxide to the generated ketyl radical to form the corresponding 
hemiketal. Subsequent elimination of the hemiketal could then regenerate the 
anthraquinone motif and hydroxylamine, following protonation of the hydroxylamine 
anion (Scheme 3.11). 
 
Scheme 3.11: Proposed formation of hydroxylamine through HAT from the fluorenone ketyl 
to a ground state nitroxide 
Thirdly, excited state energy transfer from the fluorenone motif to the 
nitroxide moiety could potentially form an excited state nitroxide capable of HAT 
from cyclohexane (Scheme 3.12).33  
 




The fluorenone-based nitroxide (81) possesses increased planarity relative to 
the benzophenone-based nitroxide (62) previously examined. Increased overlap of 
the fluorenone and nitroxide molecular orbitals would therefore be expected to 
facilitate greater quenching of the fluorenone excited state, either by electron 
exchange (Scheme 3.11) or excited state energy transfer (Scheme 3.12). Importantly, 
an increased rate of electron exchange would lower the rate of HAT to the excited 
state carbonyl of the fluorenone motif, whilst an increased rate of excited state 
energy transfer to the nitroxide moiety would increase the rate of HAT to an excited 
state nitroxide. The fluorenone-based nitroxide (81) displayed a significantly lower 
rate of reduction of the nitroxide signal compared with the benzophenone-based 
nitroxide (62) previously examined. Accordingly, this data suggests that for the 
fluorenone-based nitroxide (81), formation of hydroxylamine is likely assigned to 
HAT from the fluorenone ketyl to a ground state nitroxide, or, to the formation and 
elimination of the hemiketal (Scheme 3.11). Furthermore, as the fluorenone-based 
nitroxide (81) displayed a considerably lower rate of HAT processes compared with 
the benzophenone-based nitroxide (62), it appears unlikely that HAT processes alone 
could account for the low photo-dissociation efficiency of the fluorenone-based 
system. 
Accordingly, the low photo-dissociation efficiency of the fluorenone-based 
alkoxyamines (74 - 76) is potentially attributed to the anticipated inefficiency of PET 
processes, or, insufficient excited state energy to overcome the BDE of the 
fluorenone-based alkoxyamines (74 - 76). 
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3.2.6.2 Photochemical Investigation of Anthraquinone-Based 
Alkoxyamines 
Initial investigations focused on the potential photo-induced cleavage of the 
styrenic anthraquinone-based alkoxyamine (77) in order to optimize the irradiation 
conditions to the anthraquinone chromophore before assessing the corresponding 
methacrylic (78) and acrylic (79) alkoxyamines. Under broad range UV irradiation a 
rapid increase in the nitroxide recovery was obtained (Figure 3.20). However, after 
reaching a maximum nitroxide recovery of 79% after 1 hour of irradiation, the 
nitroxide recovery rapidly decreased, returning to 22% after 3.2 hours of irradiation. 
A similar increase in the nitroxide recovery of the styrenic anthraquinone-based 
alkoxyamine (77) was obtained under UVA and visible light irradiation (Figure 
3.20). However, under UVA and visible light irradiation, near quantitative nitroxide 
recoveries were obtained after 2 and 6 hours respectively. Furthermore, no 
discernible decrease in the nitroxide recovery was observed for the styrenic 
anthraquinone-based alkoxyamine (77) under UVA or visible light irradiation. 
 
Figure 3.20: Nitroxide recoveries obtained for the styrenic anthraquinone-based 
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The nitroxide recovery rates of the styrenic anthraquinone-based 
alkoxyamine (77) differed significantly under UVA and visible light irradiation. 
Accordingly, to investigate the wavelength dependent nitroxide recovery rates of the 
styrenic anthraquinone-based alkoxyamine (77), individual solutions of 77 in tert-
butylbenzene were irradiated for one hour over a series of well defined wavelength 
ranges (Figure 3.21).  
 
Figure 3.21: Irradiance spectra of examined light sources 
After one hour of irradiation at each of the defined wavelength ranges (Figure 
3.21), the nitroxide recoveries of the styrenic anthraquinone-based alkoxyamine (77) 
were measured and normalized to account for the differences in intensity of each 
lamp. A plot of the normalized nitroxide recoveries of the styrenic anthraquinone-
based alkoxyamine (77) over the examined wavelength ranges revealed a direct 
correlation between the absorbance properties of the styrenic anthraquinone-based 
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Figure 3.22: Wavelength dependant photo-dissociation efficiencies of the styrenic 
anthraquinone-based alkoxyamine (77) 
Given the high quantum yield of intersystem crossing for the parent 
anthraquinone chromophore,34 the direct correlation between the absorbance 
properties of the styrenic anthraquinone-based alkoxyamine (77) and the nitroxide 
recoveries obtained (Figure 3.22) indicates that photo-dissociation is likely to 
proceed through the lowest triplet state. Accordingly, due to the lack of involvement 
of upper excited electronic states, regardless of the excitation wavelength, internal 
conversion and intersystem crossing to the lowest excited triplet state are likely to 
precede PET processes.  
A key feature of photochemical processes is their superior temporal control 
compared to analogous thermally-based processes.35 Whilst thermal equilibration 
limits temporal control of thermally-based systems, photochemically derived 
processes can, in principle, display high levels of temporal control by the simple 
‘flick’ of a light switch.35 In order to investigate the potential for temporal control 
over the photo-dissociation of the anthraquinone-based system, the styrenic 
anthraquinone-based alkoxyamine (77) was examined under intermittent (ON/OFF) 
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Photo-dissociation of 77 under intermittent UVA irradiation demonstrated 
high temporal control over the nitroxide generation efficiency (Figure 3.23). 
However, a small decrease in the nitroxide concentration was observed following 
cessation of UVA irradiation. As the EPR signal obtained is temperature dependant, 
this decrease may be ascribed to a reduction of the temperature within the EPR 
cavity following cessation of UVA irradiation. 
 
Figure 3.23: Photo-dissociation of 77 under intermittent UVA irradiation 
Despite a small decrease in the nitroxide concentration following cessation of 
UV irradiation, these results demonstrate high temporal control over the photo-
dissociation of the styrenic anthraquinone-based alkoxyamine (77). 
Photo-dissociation of the methacrylic (78) and acrylic (79) anthraquinone 
based alkoxyamines were investigated under UVA and visible light irradiation 































Figure 3.24: Nitroxide recoveries obtained for the methacrylic (78) and acrylic (79) 
anthraquinone-based alkoxyamines under UVA and visible light irradiation 
Under UVA and visible light irradiation near quantitative nitroxide recoveries 
were obtained after 3.5 and 12 hours respectively for the methacrylic anthraquinone-
based alkoxyamine (78). However, no discernible increase in the nitroxide recovery 
of the acrylic anthraquinone-based alkoxyamine (79) was observed under UVA or 
visible light irradiation.  
Photo-dissociation analyses demonstrated efficient cleavage of the styrenic 
(77) and methacrylic (78) anthraquinone-based alkoxyamines. However, the acrylic 
anthraquinone-based alkoxyamine (79) demonstrated a poor photo-dissociation under 
both UVA and visible light irradiation. The high nitroxide recoveries obtained for the 
styrenic (77) and methacrylic (78) anthraquinone-based alkoxyamines potentially 
indicate efficient PET processes. However, the poor photo-dissociation efficiency of 
the acrylic anthraquinone-based alkoxyamine (79) potentially indicates inefficient 
PET processes, or, insufficient excited state energy to overcome the BDE of the 
acrylic anthraquinone-based alkoxyamine (79). Given the high excited state 
reduction potential of the anthraquinone motif (Table 3.1), inefficient PET processes 
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anthraquinone-based alkoxyamine (79). Accordingly, the poor photo-dissociation 
efficiency of the acrylic anthraquinone-based alkoxyamine (79) appears related to 
insufficient excited state energy to overcome the acrylic alkoxyamine (79) BDE. 
The ground state BDE of the styrenic (77), methacrylic (78) and acrylic (79) 
anthraquinone-based alkoxyamines were investigated through thermal-dissociation 
studies by EPR spectroscopy. The ground state BDEs were determined indirectly 
through calculation of the kd of each of the examined alkoxyamines (77 - 79) at 
constant temperatures. The calculated kd permitted access to the activation energy of 
alkoxyamine homolysis through application of the Arrhenius equation, which then, 
by virtue of the Hammond postulate, provided a good approximation of the ground 
state BDE. 
Thermal-dissociation studies demonstrated that the ground state BDE of the 
acrylic anthraquinone-based alkoxyamine (79) (BDE = 146.50 kJ.mol-1) was 
significantly higher than the methacrylic (78) (BDE = 128.82 kJ.mol-1) and styrenic 
(77) (BDE = 136.61 kJ.mol-1) anthraquinone-based alkoxyamines, in good accord 
with previously reported data for isoindoline-based alkoxyamines.36 Though a 
difference between the ground state BDE and excited state BDE may be expected, 
the higher BDE of the acrylic anthraquinone-based alkoxyamine (79) may account 
for the low nitroxide recovery obtained. Importantly, as the correlation between the 
absorbance properties of the styrenic anthraquinone-based alkoxyamine (77) and the 
nitroxide recoveries obtained (Figure 3.22) indicated that photo-dissociation is likely 
to proceed through the lowest triplet state. The potential to overcome the acrylic 
anthraquinone-based alkoxyamine (79) BDE through the application of higher 
energy UV irradiation is restricted.  
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Photo-dissociation analyses demonstrated efficient cleavage of the styrenic 
(77) and methacrylic (78) anthraquinone-based alkoxyamines under both UVA and 
visible light irradiation. Accordingly, the anthraquinone-based system represents a 
highly relevant candidate for further investigation within a photopolymerization 
context. In order to determine whether the anthraquinone-based nitroxide (84) would 
be sufficiently stable so as to mediate a controlled photopolymerization, the 
photochemical stability of the anthraquinone-based nitroxide (84) was assessed. The 
photochemical stability of the anthraquinone-based nitroxide (84), under oxygenated 
and deoxygenated conditions, was examined under visible light irradiation.  
Under both oxygenated and deoxygenated conditions the nitroxide 
concentration remained stable over 10 hours following an initial decrease in nitroxide 
concentration (2% and 6%, oxygenated and deoxygenated respectively) (Figure 
3.25). Despite the initial decrease in concentration of the anthraquinone-based 
nitroxide (84), these results demonstrate a high photochemical stability of the 
anthraquinone-based nitroxide (84) under both oxygenated and deoxygenated 
conditions. 
 
Figure 3.25: Nitroxide stabilities obtained under oxygenated and deoxygenated conditions 























84 (Oxygenated) 84 (Deoxygenated)
150 
 
Both the benzophenone- (62) and fluorenone- (81) based nitroxides were 
previously shown to undergo HAT processes in the presence of sufficiently labile 
HAT donors. Accordingly, to assess the potential for the anthraquinone-based 
nitroxide (84) to undergo similar HAT processes, a deoxygenated solution of 84 in 
cyclohexane was subjected to UVA irradiation and monitored by EPR spectroscopy 
(Figure 3.26).  
 
Figure 3.26: Nitroxide stability in cyclohexane obtained under deoxygenated conditions for 
the anthraquinone-based nitroxide (84) under UVA irradiation 
A reduction in the concentration of 84 was observed over 17 hours, consistent 
with the involvement of HAT processes. Upon cessation of UVA irradiation and 
introduction of air into the EPR sample, the nitroxide recovery increased. 
Regeneration of the nitroxide upon exposure to air is consistent with the presence of 
hydroxylamine,31 similar to that previously observed for the benzophenone- (62) and 
fluorenone- (81) based nitroxides. 
As previously discussed for the benzophenone-based nitroxides (62, 63 and 
69), the formation of hydroxylamine could potentially be explained by three separate 
mechanisms. Firstly, HAT from cyclohexane to the excited state carbonyl of the 
anthraquinone motif, with subsequent oxidation of the generated ketyl radical by a 





























excited state carbonyl of the anthraquinone motif, followed by addition of the 
anthraquinone-based nitroxide to the generated ketyl radical to form the 
corresponding hemiketal. Subsequent elimination of the hemiketal could then 
regenerate the anthraquinone motif and hydroxylamine, following protonation of the 
hydroxylamine anion (Scheme 3.13). 
 
Scheme 3.13: Proposed HAT derived formation of hydroxylamine through HAT from the 
anthraquinone ketyl to a ground state nitroxide 
Thirdly, excited state energy transfer from the anthraquinone motif to the 
nitroxide moiety to create an excited state nitroxide capable of HAT (Scheme 
3.14).33  
 
Scheme 3.14: Proposed HAT derived formation of hydroxylamine involving an excited state 
nitroxide moiety 
Similar to the fluorenone-based nitroxide (81), the anthraquinone-based 
nitroxide (84) possesses increased planarity relative to the benzophenone-based 
nitroxide (62). Increased overlap of the anthraquinone and nitroxide molecular 
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orbitals would therefore be expected to facilitate greater quenching of the 
anthraquinone excited state. Quenching of the anthraquinone excited state may occur 
by either electron exchange (Scheme 3.13) or excited state energy transfer (Scheme 
3.14). Importantly, an increased rate of electron exchange would lower the rate of 
HAT to the excited state carbonyl, while an increased rate of excited state energy 
transfer to the nitroxide moiety would increase the rate of HAT to an excited state 
nitroxide. The anthraquinone-based nitroxide (84) displayed a significantly lower 
rate of reduction of the nitroxide signal compared with the benzophenone-based 
nitroxide (62). Accordingly, this data suggests that for the anthraquinone-based 
nitroxide (84), formation of hydroxylamine is likely assigned to HAT from the 
anthraquinone ketyl to a ground state nitroxide, or, to the formation and elimination 
of the hemiketal (Scheme 3.13).32   
These results demonstrate that HAT involving the anthraquinone-based 
nitroxide (84) occurs in the presence of a sufficiently labile HAT donor. However, 
the high nitroxide recoveries obtained for the styrenic (77) and methacrylic (78) 
anthraquinone-based alkoxyamines indicate that HAT does not impeded photo-
dissociation of the styrenic (77) and methacrylic (78) anthraquinone-based 
alkoxyamines in tert-butylbenzene.  
3.3 Conclusions 
Novel fluorenone- (74 - 76) and anthraquinone- (77 - 79) based 
photosensitive alkoxyamines were prepared for comparison with the benzophenone-
based alkoxyamines (42 - 44) previously examined.  
Dehydrogenative cyclization of the previously prepared benzophenone-based 
methoxyamine (59) provided expedient access to the fluorenone motif (80) (30% 
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yield). Removal of the methoxyamine protecting group (80) with m-CPBA to furnish 
the fluorenone-based nitroxide (81) then facilitated formation of the fluorenone-
based alkoxyamines (74 - 76) under ATRA reaction conditions (4% overall yield, 10 
steps).  
Following a similar synthetic approach to that previously employed toward 
the benzophenone-based system (42 - 44), lithium-halogen exchange of the key 
synthetic intermediate, 2-methoxy-5-bromo-1,1,3,3-tetramethylisoindoline (55), 
followed by quenching with phthalic anhydride furnished the carboxyl substituted 
benzophenone-based methoxyamine (82). Dehydrative cyclization to furnish the 
anthraquinone motif (83) then facilitated formation of the anthraquinone-based 
alkoxyamines (77 - 79), following removal of the methoxyamine protecting group 
with m-CPBA (84) (6% overall yield, 9 steps). 
Investigation of the photophysical properties of the examined benzophenone- 
(62), fluorenone- (81) and anthraquinone- (84) based nitroxides revealed that in each 
case the absorbance spectra were consistent with their parent chromophores. 
Furthermore, the incorporated alkoxyamine moieties were shown to impart only a 
modest effect on the absorbance spectra. Accordingly, the incorporated isoindoline 
motif imposed minimal effect on the photophysical properties of the parent 
chromophores and the established photochemical processes were observed. 
Moreover, excited state HAT processes of the examined benzophenone- (62), 
fluorenone- (81) and anthraquinone- (84) based nitroxides were observed. Whilst 
HAT processes may account, in part, for a reduced photo-dissociation efficiency of 
the benzophenone-based alkoxyamines (42 - 44), the more planar fluorenone- (81) 
and anthraquinone- (84) based nitroxides displayed significantly reduced rates of 
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HAT processes, compared with the benzophenone-based nitroxide (62) previously 
examined. Accordingly, HAT processes imparted lower influence over the photo-
dissociation efficiencies of the fluorenone- (74 - 76) and anthraquinone- (77 - 79) 
based alkoxyamines compared with the benzophenone-based alkoxyamines (42 - 44) 
previously examined.  
Photochemical investigation of the benzophenone- (42 - 44), fluorenone- (74 
- 76) and anthraquinone- (77 - 79) based alkoxyamines revealed that the photo-
dissociation efficiency followed an order predicted by the excited state reduction 
potentials i.e. fluorenone < benzophenone < anthraquinone. While not direct 
evidence, these results are consistent with the involvement of PET processes in the 
photo-dissociation of aromatic carbonyl-based photosensitive alkoxyamines. 
High nitroxide recoveries were obtained for both the styrenic (77) and 
methacrylic (78) anthraquinone-based alkoxyamines under UVA and visible light 
irradiation. However, insufficient excited state energy is proposed to account for the 
low photo-dissociation efficiency of the acrylic anthraquinone-based alkoxyamine 
(79). As the efficiency of photo-dissociation was shown to be directly related to the 
absorbance properties of the anthraquinone motif, photo-dissociation is likely to 
proceed through the lowest triplet state. Accordingly, due to the lack of involvement 
of upper excited electronic states, regardless of the excitation wavelength, internal 
conversion and intersystem crossing to the lowest excited triplet state are likely to 
precede PET processes. Photo-dissociation proceeding through the lowest excited 
triplet state of the anthraquinone motif thereby limits the potential to overcome the 
acrylic anthraquinone-based alkoxyamine (79) BDE through the application of 
higher energy UV irradiation.  
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The photo-dissociation efficiency of styrenic (77) and methacrylic (78) 
anthraquinone-based alkoxyamines under visible light irradiation represents a 
significant improvement over the current state-of-the-art photosensitive 
alkoxyamines. Accordingly, the anthraquinone-based system is a highly relevant 
candidate for further investigation within a photopolymerization context, providing 
the potential for controlled polymerization of styrenic and methacrylic monomers 




All reagents were purchased from Sigma Aldrich and used without further 
purification. Anhydrous solvents were dried over sodium. All reactions were 
followed by thin layer chromatography (Merck Silica Gel 60 F254). All reactions 
were purified by silica gel column chromatography (Silica gel 60 Å (230 - 400 
mesh)). 1H NMR analyses were conducted at 400 MHz and 13C NMR analyses 
conducted at 100 MHz. Chemical shifts () for 1H NMR and 13C NMR analyses, 
conducted in deuterated chloroform, are reported in ppm relative to their solvent 
residual peaks: proton ( = 7.26 ppm) and carbon ( = 77.16 ppm). Multiplicity is 
indicated as follows: s (singlet); d (doublet); t (triplet); m (multiplet); dd (doublet of 
doublet); br s (broad singlet). Coupling constants are reported in Hertz (Hz). Mass 
spectrometry analyses were conducted with electrospray as the ionization technique. 
Infrared spectroscopy analyses were conducted as neat samples using a Nicolet 870 
Nexus Fourier Transform infrared spectrometer equipped with a DTGS TEC detector 
and an Attenuated Total Reflectance (ATR) accessory (Nicolet Instrument Corp., 
Madison, WI) using a Smart Endurance single reflection ATR accessory equipped 
with a composite diamond IRE with a 0.75 mm2 sampling surface and a ZnSe 
focussing element. Analytical HPLC were performed on a Hewlett Packard 1100 
series HPLC, using an Agilent prep-C18 scalar column (10 μm, 4.6 × 150 mm) at a 
flow rate of 1 mL/min, purity determined by UV detection of absorbing species at 
254 nm. All UV-visible spectra were recorded on a single beam Varian Cary 50 UV-
visible spectrophotometer. Melting points were measured on a Gallenkamp variable 
temperature apparatus. EPR analyses were performed with Magnettech Miniscope, 
Bruker EMX and Bruker ELEXSYS EPR spectrometers. Photo-dissociation analyses 
were performed with Hamamatsu LC8 UV and visible lamps. 
157 
 




5-Benzoyl-2-methoxy-1,1,3,3-tetramethylisoindoline (59) (309 mg, 0.99 
mmol, 1.0 eq.), Pd(OAc)2 (23 mg, 0.10 mmol, 0.1 eq.), Ag2O (347 mg, 1.49 mmol, 
1.5 eq.) and K2CO3 (345 mg, 2.50 mmol, 2.5 eq.) were added to a schlenk tube. The 
schlenk tube was deoxygenated by flushing with argon. Trifluoroacetic acid (5 mL) 
was added and the schlenk tube sealed. The reaction mixture was heated to 140 °C 
and stirred for 48 hours. The reaction mixture was allowed to return to room 
temperature, poured over water and extracted with dichloromethane. The combined 
organic extracts were washed with 2M NaOH followed by a saturated solution of 
brine, dried over anhydrous sodium sulphate and concentrated in vacuo. Purification 
via silica gel column chromatography (dichloromethane) afforded 2-methoxy-
1,1,3,3-tetramethyl-2,3-dihydroindeno[1,2-f]isoindol-9(1H)-one (80) as a yellow 
solid (92 mg, 30% yield). Rf = 0.48, dichloromethane. M.p. 120 - 122 °C. IR (ATR) 
νmax = 3047 (=CH), 2965 and 2929 (–CH), 1704 (C=O), 1617, 1604 and 1452 (C=C) 
cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.62 (d, J = 7.2 Hz, 1H, Harom), 7.51 - 
7.44 (m, 2H, Harom), 7.41 (s, 1H, Harom), 7.26 (dd, J = 8.0, 1.2 Hz, 1H, Harom), 7.22 (s, 
1H, Harom), 3.78 (s, 3H, OCH3), 1.48 - 1.45 (m, 12H, 4×CH3). 13C NMR (400 MHz, 
CDCl3):  (ppm) = 193.7, 152.8, 146.7, 144.6, 144.4, 134.7, 134.6, 134.1, 129.0, 
124.4, 120.2, 118.3, 114.0, 67.5, 67.1, 65.7, 29.7, 25.0. HRMS: m/z calculated for 
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To a solution of 2-methoxy-1,1,3,3-tetramethyl-2,3-dihydroindeno[1,2-
f]isoindol-9(1H)-one (80) (256 mg, 0.83 mmol, 1.0 eq.) in dichloromethane (50 mL) 
was added m-CPBA (77% purity) (408 mg, 1.82 mmol, 2.2 eq.) in portions. The 
reaction was stirred for one hour at room temperature. After one hour m-CPBA (77% 
purity) (186 mg, 0.83 mmol, 1.0 eq.) was again added in portions, and the reaction 
stirred for an additional hour. 2M Sodium hydroxide (50 mL) was added and the 
resulting mixture stirred vigorously for 15 minutes. The reaction mixture was 
extracted with dichloromethane. The combined organic extracts were washed with 
water followed by a saturated solution of brine, dried over anhydrous sodium 
sulphate and concentrated in vacuo. Purification via silica gel column 
chromatography (diethyl ether : dichloromethane; 1 : 19) afforded 1,1,3,3-
tetramethyl-9-oxo-3,9-dihydroindeno[1,2-f]isoindol-2(1H)-yloxyl (81) as a yellow 
solid (212 mg, 87% yield). Rf = 0.43, diethyl ether : n-hexanes, 1 : 19. M.p. 238 - 
240 °C, lit.37 257 - 259 °C. IR (ATR) νmax = 3041 (=CH), 2971 and 2928 (–CH), 
1713 (C=O), 1620, 1605, 1583, 1487 and 1454 (C=C), 1427 (NO•) cm-1. 1H NMR 
(400 MHz, CDCl3):  (ppm) = 7.78 (d, J = 6.4 Hz, 1H, Harom), 7.55 - 7.50 (m, 2H, 
Harom), 7.18 (br s, 1H, Harom). HRMS: m/z calculated for C19H18NO2Na [M+Na]+ 
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315.1230; found 315.1226. EPR (DCM): N = 1.429 mT. Purity > 95% as 
determined by analytical HPLC. 
3.4.1.3 (1-((1,1,3,3-Tetramethyl-9-oxo-3,9-dihydroindeno[1,2-f]isoindol-
2(1H)-yl)oxy)-ethyl) benzene (74) 
 
1,1,3,3-Tetramethyl-9-oxo-3,9-dihydroindeno[1,2-f]isoindol-2(1H)-yloxyl 
(81) (60 mg, 0.21 mmol, 1.0 eq.) and copper turnings (13 mg, 0.21 mmol, 1.0 eq.) 
were placed in a round bottom flask, sealed with a rubber septum and placed under 
an inert atmosphere of argon. Acetonitrile (5 mL), previously deoxygenated by argon 
bubbling (1 hour), was added via syringe. Anhydrous THF (5 mL) was added and the 
reaction mixture further deoxygenated by argon bubbling (15 minutes). 
N,N,N’,N’,N’’-pentamethyldiethylenetriamine (PMDETA) (36 mg, 0.21 mmol, 1.0 
eq.) and (1-bromoethyl)benzene (48 mg, 0.26 mmol, 1.25 eq.) were added via 
syringe and the reaction stirred for 16 hours under an inert atmosphere of argon. The 
reaction mixture was filtered over celite, eluting with dichloromethane, and 
concentrated in vacuo. Purification via silica gel column chromatography (diethyl 
ether : n-hexanes, 1 : 4) afforded (1-((1,1,3,3-tetramethyl-9-oxo-3,9-
dihydroindeno[1,2-f]isoindol-2(1H)-yl)oxy)-ethyl) benzene (74) as a yellow solid (73 
mg, 89% yield). Rf = 0.43, diethyl ether : n-hexanes, 1 : 4. M.p. 142 - 144 °C. IR 
(ATR) νmax = 3032 (=CH), 2973 and 2927 (–CH), 1705 (C=O), 1616, 1604, 1493, 
1466 and 1452 (C=C) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.62 (d, J = 7.2 
Hz, 1H, Harom), 7.51 - 7.23 (m, 10H, Harom), 4.86 (q, J = 6.4 Hz, 1H, CH), 1.66 - 1.62 
(m, 3H, CH3), 1.58 (d, J = 6.4 Hz, 3H, CH3), 1.47 - 1.44 (m, 3H, CH3), 1.31 - 1.27 
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(m, 3H, CH3), 0.95 - 0.91 (m, 3H, CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 
193.7, 153.1, 152.7, 147.0, 146.6, 144.74, 144.68, 144.6, 144.4, 144.3, 134.7, 134.6, 
134.1, 134.0, 128.9, 128.3, 127.7, 127.6, 127.18, 127.16, 124.3, 120.1, 118.5, 118.3, 
114.1, 113.9, 83.7, 68.1, 67.8, 67.5, 67.2, 30.2, 30.1, 29.6, 29.4, 25.3, 25.2, 25.04, 
24.96, 22.5. HRMS: m/z calculated for C27H28NO2 [M+H]+ 398.2115; found 
398.2114. Purity > 95% as determined by analytical HPLC. 
3.4.1.4 Ethyl 2-methyl-2-((1,1,3,3-tetramethyl-9-oxo-3,9-dihydroindeno-
[1,2-f]isoindol-2(1H)-yl)oxy) propanoate (75) 
 
1,1,3,3-Tetramethyl-9-oxo-3,9-dihydroindeno[1,2-f]isoindol-2(1H)-yloxyl 
(81) (60 mg, 0.21 mmol, 1.0 eq.) and copper turnings (13 mg, 0.21 mmol, 1.0 eq.) 
were placed in a round bottom flask, sealed with a rubber septum and placed under 
an inert atmosphere of argon. Acetonitrile (5 mL), previously deoxygenated by argon 
bubbling (1 hour), was added via syringe. Anhydrous THF (5 mL) was added and the 
reaction mixture further deoxygenated by argon bubbling (15 minutes). 
N,N,N’,N’,N’’-pentamethyldiethylenetriamine (PMDETA) (36 mg, 0.21 mmol, 1.0 
eq.) and ethyl α-bromoisobutyrate (50 mg, 0.26 mmol, 1.25 eq.) were added via 
syringe and the reaction stirred for 16 hours under an inert atmosphere of argon. The 
reaction mixture was filtered over celite, eluting with dichloromethane, and 
concentrated in vacuo. Purification via silica gel column chromatography (diethyl 
ether : n-hexanes, 1 : 4) afforded ethyl 2-methyl-2-((1,1,3,3-tetramethyl-9-oxo-3,9-
dihydroindeno[1,2-f]isoindol-2(1H)-yl)oxy) propan-oate (75) as a yellow solid (73 
mg, 87% yield). Rf = 0.31, diethyl ether : n-hexanes, 1 : 4. M.p. 102 - 105 °C. IR 
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(ATR) νmax = 3021 (=CH), 2971 and 2931 (–CH), 1719 (C=O), 1625, 1606, 1586 
and 1452 (aryl C=C) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.63 (d, J = 7.2 
Hz, 1H, Harom), 7.51 - 7.44 (m, 2H, Harom), 7.40 (s, 1H, Harom), 7.26 (dd, J = 7.2, 1.2 
Hz, 1H, Harom), 7.21 (s, 1H, Harom), 4.23 (q, J = 7.2 Hz, 2H, CH2), 1.54 (br s, 6H, 
2×CH3), 1.47 - 1.41 (m, 12H, 4×CH3), 1.34 (t, J = 7.2 Hz, 3H, CH3). 13C NMR (400 
MHz, CDCl3):  (ppm) = 193.7, 175.2, 152.6, 146.5, 144.5, 144.3, 134.7, 134.6, 
134.2, 129.0, 124.4, 120.2, 118.4, 114.1, 81.5, 68.2, 67.8, 61.1, 29.6, 29.5, 25.12, 
25.07, 25.02, 24.96, 14.3. HRMS: m/z calculated for C25H30NO4 [M+H]+ 408.2169; 
found 408.2169. Purity > 95% as determined by analytical HPLC. 
3.4.1.5 Ethyl 2-((1,1,3,3-tetramethyl-9-oxo-3,9-dihydroindeno[1,2-f]iso-
indol-2(1H)-yl)oxy) propanoate (76) 
 
1,1,3,3-Tetramethyl-9-oxo-3,9-dihydroindeno[1,2-f]isoindol-2(1H)-yloxyl 
(81) (60 mg, 0.21 mmol, 1.0 eq.) and copper turnings (13 mg, 0.21 mmol, 1.0 eq.) 
were placed in a round bottom flask, sealed with a rubber septum and placed under 
an inert atmosphere of argon. Acetonitrile (5 mL), previously deoxygenated by argon 
bubbling (1 hour), was added via syringe. Anhydrous THF (5 mL) was added and the 
reaction mixture further deoxygenated by argon bubbling (15 minutes). 
N,N,N’,N’,N’’-pentamethyldiethylenetriamine (PMDETA) (36 mg, 0.21 mmol, 1.0 
eq.) and ethyl 2-bromopropionate (46 mg, 0.26 mmol, 1.25 eq.) were added via 
syringe and the reaction stirred for 16 hours under an inert atmosphere of argon. The 
reaction mixture was filtered over celite, eluting with dichloromethane, and 
concentrated in vacuo. Purification via silica gel column chromatography (diethyl 
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ether : n-hexanes, 1 : 4) afforded ethyl 2-((1,1,3,3-tetramethyl-9-oxo-3,9-
dihydroindeno[1,2-f]isoindol-2(1H)-yl)oxy) propanoate (76) as a yellow solid (74 
mg, 92% yield). Rf = 0.29, diethyl ether : n-hexanes, 1 : 4. M.p. 75 - 78 °C. IR (ATR) 
νmax = 3048 (=CH), 2976 and 2934 (–CH), 1749, 1739 and 1709 (C=O), 1618, 1604, 
1588 and 1454 (C=C) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.62 (d, J = 7.2 
Hz, 1H, Harom), 7.50 - 7.44 (m, 2H, Harom), 7.40 (s, 3H, CH3), 7.26 (dd, J = 7.6, 1.6 
Hz, 1H, Harom), 7.20 (s, 1H, Harom), 4.48 (q, J = 7.2 Hz, 1H, CH), 4.27 - 4.20 (m, 2H, 
CH2), 1.57 - 1.53 (m, 3H, CH3), 1.48 - 1.39 (m, 12H, 4×CH3), 1.32 (t, J= 7.2 Hz, 3H, 
CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 193.6, 173.9, 173.8, 152.7, 152.1, 
146.6, 146.0, 144.5, 144.4, 134.7, 134.6, 134.3, 134.2, 129.0, 124.3, 120.2, 118.5, 
118.2, 114.1, 113.9, 81.6, 81.5, 68.3, 68.0, 68.0, 67.7, 60.80, 60.78, 30.4, 30.2, 29.7, 
29.6, 25.2, 25.1, 24.82, 24.75, 18.1, 14.4. HRMS: m/z calculated for C24H28NO4 




A solution of 5-bromo-2-methoxy-1,1,3,3-tetramethylisoindoline (55) (2.15 
g, 7.56 mmol, 1.0 eq.) in anhydrous THF (20 mL) was cooled to - 78 °C and placed 
under an inert atmosphere of argon. To this solution was added n-butyllithium (1.6 M 
in n-hexanes) (5.20 mL, 8.32 mmol, 1.1 eq.) dropwise. The reaction was allowed to 
stir for 15 minutes, maintaining a constant temperature of reaction (~ - 78 °C). The 
lithiated intermediate was added dropwise, via a syringe, to a solution of phthalic 
anhydride (5.60 g, 37.83 mmol, 5.0 eq.) in anhydrous THF (100 mL) at ~ - 78 °C. 
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The reaction was stirred at ~ - 78 °C until the addition was complete. The reaction 
was allowed to return to room temperature over two hours and then quenched by the 
addition of water. The resulting mixture was extracted with chloroform and the 
combined organic extracts washed with a saturated solution of brine, dried over 
anhydrous sodium sulphate and concentrated in vacuo. Purification via silica gel 
column chromatography (chloroform) afforded 5-(2-(carboxy)benzoyl)-2-methoxy-
1,1,3,3-tetramethylisoindoline (82) as a white solid (1.18 g, 44% yield). Rf = 0.16, 
methanol : chloroform, 1 : 19. M.p. 206 - 208 °C. IR (ATR) νmax = 3058 (=CH), 
2971 and 2929 (–CH), 1718 and 1674 (C=O), 1612, 1599 and 1464 (C=C) cm-1. 1H 
NMR (400 MHz, CDCl3):  (ppm) = 8.08 (d, J = 7.6 Hz, 1H, Harom), 7.67 - 7.64 (m, 
2H, Harom), 7.59 - 7.55 (m, 1H, Harom), 7.43 (d, J = 8.0 Hz, 1H, Harom), 7.37 (d, J = 7.2 
Hz, 1H, Harom), 7.08 (d, J = 7.6 Hz, 1H, Harom), 3.78 (s, 3H, OCH3), 1.43 (s, 12H, 
4×CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 196.9, 169.7, 151.2, 146.1, 142.7, 
136.6, 133.1, 131.1, 130.0, 129.7, 128.2, 128.0, 122.5, 121.6, 67.4, 67.2, 65.7, 29.6, 
25.8. HRMS: m/z calculated for C21H24NO4 [M+H]+ 354.1700; found 354.1695. 




A solution of 5-(2-(carboxy)benzoyl)-2-methoxy-1,1,3,3-tetramethyl-
isoindoline (82) (506 mg, 1.43 mmol) in concentrated sulphuric acid (50 mL) was 
heated to 110 °C and stirred for 4 hours. The reaction mixture was allowed to cool to 
room temperature and poured cautiously over ice/water. The precipitate thus formed 
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was collected by vacuum filtration and washed with water. Purification via silica gel 
column chromatography (dichloromethane) followed by recrystallization from 
ethanol afforded 2-methoxy-1,1,3,3-tetramethyl-2,3-dihydro-1H-naphtho[2,3-
f]isoindole-5,10-dione (83) as a light yellow crystalline solid (375 mg, 78% yield). Rf 
= 0.55, dichloromethane. M.p. 168 - 170 °C. IR (ATR) νmax = 3035 (=CH), 2975 and 
2933 (–CH), 1668 (C=O), 1606, 1588 and 1463 (C=C) cm-1. 1H NMR (400 MHz, 
CDCl3):  (ppm) = 8.33 - 8.30 (m, 2H, Harom), 8.06 (s, 2H, Harom), 7.81 - 7.78 (m, 2H, 
Harom), 3.80 (s, 3H, OCH3), 1.52 (br s, 12H, 4×CH3). 13C NMR (400 MHz, CDCl3):  
(ppm) = 183.2, 152.4, 134.2, 133.6, 127.4, 120.9, 67.6, 65.8, 29.8, 24.5. HRMS: m/z 
calculated for C21H22NO3 [M+H]+ 336.1594; found 336.1610. Purity > 95% as 




To a solution of 2-methoxy-1,1,3,3-tetramethyl-2,3-dihydro-1H-naphtho[2,3-
f]isoindole-5,10-dione (83) (487 mg, 1.45 mmol, 1.0 eq.) in dichloromethane (100 
mL) was added m-CPBA (77% purity) (717 mg, 3.19 mmol, 2.2 eq.) in portions. The 
reaction was stirred for one hour at room temperature. 2M Sodium hydroxide (100 
mL) was added and the resulting mixture stirred vigorously for 15 minutes. The 
reaction mixture was extracted with dichloromethane. The combined organic extracts 
were washed with water followed by a saturated solution of brine, dried over 
anhydrous sodium sulphate and concentrated in vacuo. Purification via silica gel 




f]isoindol-2-yloxyl (84) as a red crystalline solid (423 mg, 91% yield). Rf = 0.25, 
dichloromethane. M.p. 220 - 222 °C. IR (ATR) νmax = 3041 (=CH), 2979 and 2933 (–
CH), 1672 (C=O), 1609, 1590 and 1458 (C=C), 1432 (NO•) cm-1. 1H NMR (400 
MHz, CDCl3):  (ppm) = 8.38 (br s, 2H, Harom), 7.85 (br s, 2H, Harom). HRMS: m/z 
calculated for C20H18NO3Na [M+Na]+ 343.1179; found 343.1167. EPR (DCM): N = 
1.412 mT. Purity > 95% as determined by analytical HPLC. 
3.4.1.9 (1-((1,1,3,3-Tetramethyl-5,10-dioxo-1,3,5,10-tetrahydro-2H-naph-
tho[2,3-f]isoindol-2-yl)oxy)-ethyl) benzene (77) 
 
1,1,3,3-Tetramethyl-5,10-dioxo-1,3,5,10-tetrahydro-2H-naphtho[2,3-f]isoin-
dol-2-yloxyl (84) (150 mg, 0.47 mmol, 1.0 eq.) and copper turnings (30 mg, 0.47 
mmol, 1.0 eq.) were placed in a round bottom flask, sealed with a rubber septum and 
placed under an inert atmosphere of argon. Acetonitrile (5 mL), previously 
deoxygenated by argon bubbling (1 hour), was added via syringe and the reaction 
mixture further deoxygenated by argon bubbling (15 minutes). N,N,N’,N’,N’’-
pentamethyldiethylenetriamine (PMDETA) (81 mg, 0.47 mmol, 1.0 eq.) and (1-
bromoethyl)benzene (108 mg, 0.59 mmol, 1.25 eq.) were added via syringe and the 
reaction stirred for 16 hours under an inert atmosphere of argon. The reaction 
mixture was filtered over celite, eluting with dichloromethane, and concentrated in 
vacuo. Purification via silica gel column chromatography (diethyl ether : n-hexanes, 
1 : 3) afforded (1-((1,1,3,3-tetramethyl-5,10-dioxo-1,3,5,10-tetrahydro-2H-
naphtho[2,3-f]isoindol-2-yl)oxy)-ethyl) benzene (77) as an off-white solid (187 mg, 
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94% yield). Rf = 0.45, diethyl ether : n-hexanes, 1 : 3. M.p. 146 - 148 °C. IR (ATR) 
νmax = 3033 (=CH), 2979 and 2931 (–CH), 1673 (C=O), 1608, 1590, 1480, 1464 and 
1455 (C=C) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 8.32 - 8.29 (m, 2H, Harom), 
8.07 (s, 1H, Harom), 7.96 (s, 1H, Harom), 7.80 - 7.78 (m 2H, Harom), 7.41 - 7.30 (m, 5H, 
Harom), 4.87 (q, J = 6.8 Hz, 1H, CH), 1.71 (s, 3H, CH3), 1.60 - 1.58 (m, 3H, CH3), 
1.49 (s, 3H, CH3), 1.32 (s, 3H, CH3), 0.98 (s, 3H, CH3). 13C NMR (400 MHz, 
CDCl3):  (ppm) = 183.2, 152.7, 152.3, 144.5, 134.1, 133.6, 133.5, 128.3, 127.7, 
127.3, 127.2, 121.1, 120.9, 83.9, 68.2, 67.6, 30.2, 29.5, 25.2, 25.0, 22.4. HRMS: m/z 
calculated for C28H28NO3 [M+H]+ 426.2064; found 426.2054. Purity > 95% as 
determined by analytical HPLC. 
3.4.1.10 Ethyl 2-methyl-2-((1,1,3,3-tetramethyl-5,10-dioxo-1,3,5,10-
tetrahydro-2H-naphtho[2,3-f]isoindol-2-yl)oxy) propanoate (78) 
 
1,1,3,3-Tetramethyl-5,10-dioxo-1,3,5,10-tetrahydro-2H-naphtho[2,3-f]isoin-
dol-2-yloxyl (84) (150 mg, 0.47 mmol, 1.0 eq.) and copper turnings (30 mg, 0.47 
mmol, 1.0 eq.) were placed in a round bottom flask, sealed with a rubber septum and 
placed under an inert atmosphere of argon. Acetonitrile (5 mL), previously 
deoxygenated by argon bubbling (1 hour), was added via syringe and the reaction 
mixture further deoxygenated by argon bubbling (15 minutes). N,N,N’,N’,N’’-
pentamethyldiethylenetriamine (PMDETA) (81 mg, 0.47 mmol, 1.0 eq.) and ethyl α-
bromoisobutyrate (114 mg, 0.59 mmol, 1.25 eq.) were added via syringe and the 
reaction stirred for 16 hours under an inert atmosphere of argon. The reaction 
mixture was filtered over celite, eluting with dichloromethane, and concentrated in 
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vacuo. Purification via silica gel column chromatography (diethyl ether : n-hexanes, 
1 : 3) afforded ethyl 2-methyl-2-((1,1,3,3-tetramethyl-5,10-dioxo-1,3,5,10-
tetrahydro-2H-naphtho[2,3-f]isoindol-2-yl) oxy) propanoate (78) as an off-white 
solid (186 mg, 91% yield). Rf = 0.30, diethyl ether : n-hexanes, 1 : 3. M.p. 147 - 148 
°C. IR (ATR) νmax = 3042 (=CH), 2976 and 2935 (–CH), 1732 and 1674 (C=O), 
1612, 1589 and 1465 (C=C) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 8.33 - 
8.31 (m, 2H, Harom), 8.05 (s, 2H, Harom), 7.81 - 7.78 (m, 2H, Harom), 4.24 (q, J = 3.2 
Hz, 2H, CH2), 1.55 - 1.52 (m, 12H, 4×CH3), 1.48 (s, 6H, 2×CH3), 1.35 (t, J = 7.2 Hz, 
3H, CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 183.0, 175.0, 152.1, 134.1, 
133.5, 127.3, 121.0, 81.5, 68.2, 61.0, 29.5, 25.0, 24.9, 14.2. HRMS: m/z calculated 
for C26H30NO5 [M+H]+ 436.2118; found 436.2119. Purity > 95% as determined by 
analytical HPLC. 
3.4.1.11 Ethyl 2-((1,1,3,3-tetramethyl-5,10-dioxo-1,3,5,10-tetrahydro-
2H-naphtho[2,3-f]isoindol-2-yl)oxy) propanoate (79) 
 
1,1,3,3-Tetramethyl-5,10-dioxo-1,3,5,10-tetrahydro-2H-naphtho[2,3-f]isoin-
dol-2-yloxyl (84) (150 mg, 0.47 mmol, 1.0 eq.) and copper turnings (30 mg, 0.47 
mmol, 1.0 eq.) were placed in a round bottom flask, sealed with a rubber septum and 
placed under an inert atmosphere of argon. Acetonitrile (5 mL), previously 
deoxygenated by argon bubbling (1 hour), was added via syringe and the reaction 
mixture further deoxygenated by argon bubbling (15 minutes). N,N,N’,N’,N’’-
pentamethyldiethylenetriamine (PMDETA) (81 mg, 0.47 mmol, 1.0 eq.) and ethyl 2-
bromopropionate (106 mg, 0.59 mmol, 1.25 eq.) were added via syringe and the 
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reaction stirred for 16 hours under an inert atmosphere of argon. The reaction 
mixture was filtered over celite, eluting with dichloromethane, and concentrated in 
vacuo. Purification via silica gel column chromatography (diethyl ether : n-hexanes, 
1 : 3) afforded ethyl 2-((1,1,3,3-tetramethyl-5,10-dioxo-1,3,5,10-tetrahydro-2H-
naphtho[2,3-f]isoindol-2-yl)oxy) propanoate (79) as an off-white solid (182 mg, 92% 
yield). Rf = 0.30, diethyl ether : n-hexanes, 1 : 3. M.p. 118 - 120 °C. IR (ATR) νmax = 
3058 (=CH), 2980 and 2933 (–CH), 1744 and 1674 (C=O), 1613, 1590 and 1464 
(C=C) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 8.33 - 8.30 (m, 2H, Harom), 8.05 
(s, 2H, Harom), 7.81 - 7.78 (m, 2H, Harom), 4.49 (q, J = 3.2 Hz, 1H, CH), 4.28 - 4.21 
(m, 2H, CH2), 1.63 (s, 3H, CH3), 1.53 - 1.46 (m, 12H, 4×CH3), 1.32 (t, J = 3.2 Hz, 
3H, CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 183.1, 173.8, 152.3, 151.7, 
134.2, 133.7, 133.62, 133.57, 127.3, 121.2, 120.9, 81.6, 68.4, 68.1, 60.9, 30.3, 29.7, 
25.2, 24.8, 18.0, 14.4. HRMS: m/z calculated for C25H28NO5 [M+H]+ 422.1962; 
found 422.1966. Purity > 95% as determined by analytical HPLC. 
3.4.2 Molar Extinction Coefficient Calculations 
3.4.2.1 1,1,3,3-Tetramethyl-9-oxo-3,9-dihydroindeno[1,2-f]isoindol-
2(1H)-yloxyl (81) in Acetonitrile 
 
Figure 3.27: Molar extinction coefficient calculation of 1,1,3,3-tetramethyl-9-oxo-3,9-
























(81) in acetonitrile; stock solution 0.000314 mol.L-1 diluted to 0.000269, 0.000235, 
0.000188 and 0.000134 mol.L-1. Molar extinction coefficient calculated at 370 nm. 
3.4.2.2 1,1,3,3-Tetramethyl-5,10-dioxo-1,3,5,10-tetrahydro-2H-naphtho-
[2,3-f]isoindol-2-yloxyl (84) in Acetonitrile 
 
Figure 3.28: Molar extinction coefficient calculation of 1,1,3,3-tetramethyl-5,10-dioxo-
1,3,5,10-tetrahydro-2H-naphtho[2,3-f]isoindol-2-yloxyl (84)  
1,1,3,3-Tetramethyl-5,10-dioxo-1,3,5,10-tetrahydro-2H-naphtho[2,3-f]isoin-
dol-2-yloxyl (84) in acetonitrile; stock solution 0.000328 mol.L-1 diluted to 
0.000246, 0.000164, 0.000082 and 0.000041 mol.L-1. Molar extinction coefficient 
calculated at 388 nm. 
3.4.2.3 1,1,3,3-Tetramethyl-9-oxo-3,9-dihydroindeno[1,2-f]isoindol-
2(1H)-yloxyl (81) in tert-Butylbenzene 
 













































(81) in tert-butylbenzene; stock solution 0.000229 mol.L-1 diluted to 0.000197, 
0.000153, 0.000125 and 0.000092 mol.L-1. Molar extinction coefficient calculated at 
362 nm. 
3.4.2.4 (1-((1,1,3,3-Tetramethyl-9-oxo-3,9-dihydroindeno[1,2-f]isoindol-
2(1H)-yl)oxy)-ethyl) benzene (74) in tert-Butylbenzene 
 
Figure 3.30: Molar extinction coefficient calculation of (1-((1,1,3,3-tetramethyl-9-oxo-3,9-
dihydroindeno[1,2-f]isoindol-2(1H)-yl)oxy)-ethyl) benzene (74)  
(1-((1,1,3,3-Tetramethyl-9-oxo-3,9-dihydroindeno[1,2-f]isoindol-2(1H)-
yl)oxy)-ethyl) benzene (74) in tert-butylbenzene; stock solution 0.000277 mol.L-1 
diluted to 0.000231, 0.000198, 0.000154 and 0.000092 mol.L-1. Molar extinction 
coefficient calculated at 380 nm. 
3.4.2.5 Ethyl 2-methyl-2-((1,1,3,3-tetramethyl-9-oxo-3,9-dihydroindeno-


























Figure 3.31: Molar extinction coefficient calculation of ethyl 2-methyl-2-((1,1,3,3-
tetramethyl-9-oxo-3,9-dihydroindeno[1,2-f]isoindol-2(1H)-yl)oxy) propanoate (75)  
Ethyl 2-methyl-2-((1,1,3,3-tetramethyl-9-oxo-3,9-dihydroindeno[1,2-
f]isoindol-2(1H)-yl)oxy) propanoate (75) in tert-butylbenzene; stock solution 
0.000245 mol.L-1 diluted to 0.000205, 0.000175, 0.000136 and 0.000082 mol.L-1. 
Molar extinction coefficient calculated at 380 nm. 
3.4.2.6 Ethyl 2-((1,1,3,3-tetramethyl-9-oxo-3,9-dihydroindeno[1,2-f]iso-
indol-2(1H)-yl)oxy) propanoate (76) in tert-Butylbenzene 
 
Figure 3.32: Molar extinction coefficient calculation of ethyl 2-((1,1,3,3-tetramethyl-9-oxo-
3,9-dihydroindeno[1,2-f]isoindol-2(1H)-yl)oxy) propanoate (76)  
Ethyl 2-((1,1,3,3-tetramethyl-9-oxo-3,9-dihydroindeno[1,2-f]isoindol-2(1H)-
yl)oxy) propanoate (76) in tert-butylbenzene; stock solution 0.000286 mol.L-1 diluted 
to 0.000245, 0.000214, 0.000172 and 0.000114 mol.L-1. Molar extinction coefficient 












































[2,3-f]isoindol-2-yloxyl (84) in tert-Butylbenzene 
 
Figure 3.33: Molar extinction coefficient calculation of 1,1,3,3-tetramethyl-5,10-dioxo-
1,3,5,10-tetrahydro-2H-naphtho[2,3-f]isoindol-2-yloxyl (84) 
1,1,3,3-Tetramethyl-5,10-dioxo-1,3,5,10-tetrahydro-2H-naphtho[2,3-
f]isoindol-2-yloxyl (84) in tert-butylbenzene; stock solution 0.000375 mol.L-1 diluted 
to 0.000312, 0.000268, 0.000208 and 0.000134 mol.L-1. Molar extinction coefficient 
calculated at 392 nm. 
3.4.2.8  (1-((1,1,3,3-Tetramethyl-5,10-dioxo-1,3,5,10-tetrahydro-2H-nap-
htho[2,3-f]isoindol-2-yl)oxy)-ethyl) benzene (77) in tert-
Butylbenzene 
 
Figure 3.34: Molar extinction coefficient calculation of (1-((1,1,3,3-tetramethyl-5,10-dioxo-
1,3,5,10-tetrahydro-2H-naphtho[2,3-f]isoindol-2-yl)oxy)-ethyl) benzene (77)  
(1-((1,1,3,3-Tetramethyl-5,10-dioxo-1,3,5,10-tetrahydro-2H-naphtho[2,3-
f]isoindol-2-yl)oxy)-ethyl) benzene (77) in tert-butylbenzene; stock solution 
0.000235 mol.L-1 diluted to 0.000196, 0.000168, 0.000131 and 0.000078 mol.L-1. 












































hydro-2H-naphtho[2,3-f]isoindol-2-yl)oxy) propanoate (78) in 
tert-Butylbenzene 
 
Figure 3.35: Molar extinction coefficient calculation of ethyl 2-methyl-2-((1,1,3,3-tetra-
methyl-5,10-dioxo-1,3,5,10-tetrahydro-2H-naphtho[2,3-f]isoindol-2-yl)oxy) propanoate (78)  
Ethyl 2-methyl-2-((1,1,3,3-tetramethyl-5,10-dioxo-1,3,5,10-tetrahydro-2H-
naphtho-[2,3-f]isoindol-2-yl)oxy) propanoate (78) in tert-butylbenzene; stock 
solution 0.000230 mol.L-1 diluted to 0.000191, 0.000164, 0.000128 and 0.000077 
mol.L-1. Molar extinction coefficient calculated at 392 nm. 
3.4.2.10 Ethyl 2-((1,1,3,3-tetramethyl-5,10-dioxo-1,3,5,10-tetrahydro-
2H-naphtho[2,3-f]isoindol-2-yl)oxy) propanoate (79) in tert-
Butylbenzene 
 
Figure 3.36: Molar extinction coefficient calculation of ethyl 2-((1,1,3,3-tetramethyl-5,10-
dioxo-1,3,5,10-tetrahydro-2H-naphtho[2,3-f]isoindol-2-yl)oxy) propanoate (79) 
Ethyl 2-((1,1,3,3-tetramethyl-5,10-dioxo-1,3,5,10-tetrahydro-2H-











































solution 0.000226 mol.L-1 diluted to 0.000188, 0.000161, 0.000125 and 0.000075 
mol.L-1. Molar extinction coefficient calculated at 392 nm. 
3.4.3 Photochemical Analyses 
3.4.3.1 General Procedures 
3.4.3.1.1 Photo-Dissociation Studies 
To an EPR spectroscopy tube was added 600 μL of a 1×10-4 mol.L-1 solution 
of an appropriate alkoxyamine in tert-butylbenzene. The EPR spectroscopy tube was 
placed within the EPR spectrometer, irradiated at a wavelength as specified and 
monitored over time.  
3.4.3.1.2 Nitroxide Photochemical Stability in tert-Butylbenzene 
To an EPR spectroscopy tube was added 600 μL of a 1×10-4 mol.L-1 solution 
of an appropriate nitroxide in tert-butylbenzene. The EPR spectroscopy tube was 
analysed as is, or, deoxygenated by the freeze-pump-thaw method, as specified. The 
EPR spectroscopy tube was placed within the EPR spectrometer, irradiated at a 
wavelength as specified and monitored over time. 
3.4.3.1.3 Hydrogen Atom Transfer Studies 
To an EPR spectroscopy tube was added 600 μL of a 1×10-4 mol.L-1 solution 
of an appropriate alkoxyamine in cyclohexane. The solution within the EPR 
spectroscopy tube was deoxygenated by the freeze-pump-thaw method. The 
deoxygenated EPR spectroscopy tube was placed within the EPR spectrometer, 
irradiated at a wavelength as specified and monitored over time. After reaching a 
minimum nitroxide concentration, the EPR spectroscopy tube was opened to the 
atmosphere and bubbled with air between several scans. 
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3.4.3.1.4 Thermal Dissociation Studies 
To an EPR spectroscopy tube was added 600 μL of a 1×10-4 mol.L-1 solution 
of an appropriate alkoxyamine in tert-butylbenzene. The EPR spectroscopy tube was 
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4 Chapter 4 Aromatic Hydrocarbon-Based Photosensitive 
Alkoxyamines 
4.1 Introduction 
Aromatic carbonyl-based photosensitive alkoxyamines (Chapter 3) revealed a 
good correlation between photo-dissociation efficiency and excited state reduction 
potentials. However, the absence of observable photo-dissociation of the acrylic 
anthraquinone-based alkoxyamine (79) was potentially ascribed to insufficient 
excited state energy to overcome the modified BDE of the acrylic alkoxyamine bond. 
Accordingly, higher excited state energies were proposed to potentially overcome the 
inefficiencies of acrylic alkoxyamine bond cleavage under electromagnetic 
irradiation.  
The Rehm-Weller equation (E*red = ET + Ered) used to approximate the excited 
triplet state reduction potentials of aromatic carbonyls revealed that large 
contributions to the excited state reduction potentials were made by the excited state 
energies of the chromophores (Table 3.1). Accordingly, higher energy excited states 
were anticipated to synergistically afford high excited state reduction potentials to 
promote PET processes, whilst also providing high excited state energies to 
potentially overcome the excited state BDE of acrylic alkoxyamines. 
For a given chromophore, excited singlet states inherently possess greater 
excited state energies than excited triplet states.1 As such, chromophores possessing 
low quantum yields of intersystem crossing to the triplet manifold were desired. In 
the absence of spin-orbit coupling interactions, aromatic hydrocarbons typically 
possess lower quantum yields of intersystem crossing than the aromatic carbonyls 
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previously examined.2 As a result the excited singlet states of aromatic hydrocarbons 
remain appreciably populated. Accordingly, aromatic hydrocarbons were proposed to 
provide high energy excited singlet states to investigate the potential cleavage of 
photosensitive alkoxyamines. 
PET processes involving excited singlet states of aromatic hydrocarbons are 
well-understood.3 In particular, PET quenching of excited singlet states have found 
numerous applications in fluorescence sensing systems.3 The general process 
involves a fluorophore-receptor system wherein the fluorescence of the fluorophore 
is initially suppressed by PET processes originating from the incorporated receptor. 
Upon binding of the receptor with a target substrate, PET processes are diminished 
and fluorescence is restored. Fluorescence sensing systems employing PET processes 
have been utilized for the detection of a range of cations such as K+, Na+, Zn2+ and 
Ca2+ as well as various other systems.3-7 
Accordingly, in order to investigate the impact of higher excited state 
energies to that previously examined, photosensitive alkoxyamines employing 
aromatic hydrocarbon chromophores were proposed. Phenyl, naphthyl and 
anthracenyl chromophores were selected, in order to provide a step-wise increase in 
conjugation to gain further insight into the photo-dissociation of styrenic (85, 88 and 





Figure 4.1: Proposed phenyl- (85 - 87), naphthyl- (88 - 90) and anthracenyl- (91 - 93) based 
photosensitive alkoxyamines 
Table 4.1 demonstrates the predicted excited state reduction potentials and 
excited singlet state energies of the parent aromatic hydrocarbon chromophores. 
With increasing conjugation a step-wise decrease in excited state energy is observed 
with a concomitant increase in ground state reduction potentials.  
Table 4.1: Predicted excited state reduction potentials of aromatic hydrocarbons 
Chromophore ES (eV) Ered (eV) E*red (eV) 
Benzene 6.03a -3.46b 2.57 
Naphthalene 3.96a -2.58c 1.38 
Anthracene 3.43a -1.92d 1.51 
E*red = ES + Ered. ES = Excited singlet state energy, Ered = Ground state reduction potential 
(vs. SCE), E*red = Excited state reduction potential. a = Reference 8, b = Reference 9, c = 
Reference 10, d = Reference 11. 
Benzene is predicted to possess both a high excited state reduction potential 
and a high excited singlet state energy. However, due to a range of excited state 
deactivation processes,12 phenyl-based alkoxyamines (85 - 87) are not anticipated to 
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be particularly applicable to photosensitive alkoxyamines. However, as the phenyl-
based (isoindoline) motif is incorporated into all photosensitive alkoxyamines 
reported herein, it is prudent to determine if the isoindoline motif possesses any 
inherent photo-dissociation reactivity.  
Furthermore, predictions based on the Rehm-Weller equation (Table 4.1) 
demonstrate that naphthalene possesses a lower excited state reduction potential than 
anthracene. However, the excited state energy of naphthalene is significantly higher 
than anthracene. Accordingly, photochemical analyses may provide insight into the 
relative importance of excited state reduction potentials and excited state energies 
toward the photo-dissociation of photosensitive alkoxyamines. 
4.2 Results and Discussion 
4.2.1 Proposed Synthetic Approach of Phenyl-Based Alkoxyamines 
The proposed synthetic approach toward the synthesis of phenyl-based 
alkoxyamines derived from 1,1,3,3-tetramethylisoindolin-2-yloxyl (TMIO) (41) 
follows known synthetic procedures (Scheme 4.1).13 Hydrogenolysis of the 
previously prepared 2-benzyl-1,1,3,3-tetramethylisoindoline (52) affords the 
corresponding secondary amine, 1,1,3,3-tetramethylisoindoline (94). Oxidation of 
the secondary amine (94) to the corresponding nitroxide (41) with m-CPBA would 
then facilitate formation of the targeted phenyl-based alkoxyamines under ATRA 




Scheme 4.1: Proposed synthetic approach toward phenyl-based alkoxyamines  
4.2.2 Synthesis of Phenyl-Base Alkoxyamines 
1,1,3,3-Tetramethylisoindolin-2-yloxyl (TMIO) (41) was prepared 
accordingly to known literature procedures in 25% overall yield over 4 steps.13 In 
order to compare the photo-dissociation efficiency of photosensitive alkoxyamines 
derived from the phenyl-, naphthyl- and anthracenyl-based systems, styrenic (85), 
methacrylic (86) and acrylic (87) phenyl-based alkoxyamines were prepared 
(Scheme 4.2). The target alkoxyamines were prepared from radicals derived from (1-
bromoethyl)benzene, ethyl α-bromoisobutyrate and ethyl 2-bromopropionate using a 
similar Cu mediated ATRA system to that previously employed.14 ATRA reactions 
proceeded in good yield furnishing the target styrenic (85) (88%), methacrylic (86) 
(82%) and acrylic (87) (90%) phenyl-based alkoxyamines.  
 




Upon incorporation of the alkoxyamine moieties, 1H NMR spectroscopy 
revealed characteristic peaks corresponding to the hydrogen atoms geminal to the 
oxygen atom of the NO motif for the styrenic (85) and acrylic (87) phenyl-based 
alkoxyamines (85 4.868 ppm and 87 4.494 ppm) (Figure 4.2). Furthermore, 
characteristic peaks corresponding to the methylene hydrogen atoms of the 
incorporated ester groups of the methacrylic (86), and acrylic (87) phenyl-based 
alkoxyamines were observed (86 4.227 ppm and 87 4.268 - 4.185 ppm). The peak 
corresponding to methylene hydrogen atoms of the incorporated ester group 
appeared as a multiplet for the acrylic phenyl-based alkoxyamine (87) due to the 
generation of a stereogenic centre upon formation of the alkoxyamine (Figure 4.2).  
 
Figure 4.2: 1H NMR spectra overlay of the phenyl-based alkoxyamines (85 - 87) 
4.2.3 Proposed Synthetic Approach of Naphthyl-Based Alkoxyamines 
The proposed synthetic approach toward the naphthyl-based alkoxyamines 
(88 - 90) is analogous to that of the phenyl-based alkoxyamines (85 - 87) previously 
examined (Scheme 4.3). Accordingly, the proposed synthetic approach commences 






benzylamine to afford N-benzylnaphthalimide (96). Exhaustive methylation of N-
benzylnaphthalimide (96) under Grignard reaction conditions would then afford the 
tetramethylated derivative 97. Removal of the N-benzyl protecting group via 
hydrogenolysis would then furnish the secondary amine (98). Oxidation of the 
secondary amine (98) to the corresponding nitroxide (99) with m-CPBA would then 
facilitate formation of the targeted naphthyl-based alkoxyamines under ATRA 
reaction conditions (88 - 90).14 
 
Scheme 4.3: Proposed synthetic approach toward naphthyl-based alkoxyamines (88 - 90) 
4.2.4 Synthesis of Naphthyl-Base Alkoxyamines 
The first step in the synthetic approach toward the naphthyl-based 
alkoxyamines (88 - 90) involved the acid catalysed condensation of 1,8-naphthalic 
anhydride with benzylamine (96) (Scheme 4.4).  
 




The reaction conditions employed were similar to that utilized for the 
analogous reaction with phthalic anhydride (51). However, the reaction was 
maintained for an additional 1.5 hours to compensate for the lower solubility of 1,8-
naphthalic anhydride in acetic acid.  
In addition to the increased number peaks in the aromatic region of the 1H 
NMR spectrum, consistent with the incorporated benzyl substituent (96), a 
characteristic peak, integrating for two hydrogen atoms, attributable to the 
incorporated benzylic hydrogen atoms was observed (4.919 ppm) (Figure 4.3). 
Furthermore, 13C NMR spectroscopy revealed the presence of a peak at 167.76 ppm 
corresponding to the carbonyl carbons of the imide functionality. 
 
Figure 4.3: 1H NMR spectra overlay of 2,3-naphthalic anhydride (95) and 2-(phenylmethyl)-
1H-benz[f]isoindole-1,3(2H)-dione (96) 
Exhaustive methylation of the generated naphthalimide (96) under Grignard 
reaction conditions was performed under similar reaction conditions to that 







Scheme 4.5: Reaction conditions employed toward the synthesis of 2-benzyl-1,1,3,3-
tetramethyl-benzo[f]isoindoline (97) 
However, in order to overcome the poor solubility of the partially alkylated 
intermediates derived from the naphthalimide (96), xylenes was used in place of 
toluene as the solvent. The use of xylenes allowed for greater heating of the reaction 
mixture. Furthermore, in contrast to the phthalimide system (52), which employed a 
‘normal’ addition of the phthalimide to the Grignard reagent, the naphthalimide 
reaction utilized an ‘inverse’ addition of the generated Grignard reagent to the 
naphthalimide (96). The addition of the Grignard reagent to the solution of 
naphthalimide (96) in xylenes at 120 °C was undertaken to limit the deposition of a 
precipitate that was evident upon addition of the Grignard reagent at lower 
temperatures. Under these conditions the reaction proceeded in moderate yield 
(39%), furnishing the tetramethylated derivative 97. 
Confirming exhaustive methylation of 96, 1H NMR spectroscopy evidenced a 
peak at 1.410 ppm which integrated for 12 hydrogen atoms (Figure 4.4), 
characteristic of the incorporated methyl groups. Furthermore, an upfield shift in the 
peak attributable to the benzylic hydrogen atoms was observed upon exhaustive 
methylation of 96 (Figure 4.4). Whilst 13C NMR spectroscopy revealed the absence 
of the peak corresponding to the carbonyl carbons of the imide functionality, 




Figure 4.4: 1H NMR spectra overlay of 2-(phenylmethyl)-1H-benz[f]isoindole-1,3(2H)-
dione (96) and 2-benzyl-1,1,3,3-tetramethyl-benzo[f]isoindoline (97) 
Removal of the benzyl protecting group was then achieved through 
hydrogenolysis, affording the desired secondary amine (98) in good yield (99%) 
(Scheme 4.6).  
 
Scheme 4.6: Reaction conditions employed toward the synthesis of 1,1,3,3-tetramethyl-
benzo[f]isoindoline (98) 
Following hydrogenolysis, 1H NMR spectroscopy revealed the disappearance 
of the characteristic peak that had corresponded to the benzylic hydrogen atoms of 
97, consistent with removal of the benzyl protecting group. Furthermore, the 
appearance of a peak at 2.081 ppm was observed, characteristic of the generated 







Figure 4.5: 1H NMR spectra overlay of 2-benzyl-1,1,3,3-tetramethyl-benzo[f]isoindoline 
(97) and 1,1,3,3-tetramethyl-benzo[f]isoindoline (98) 
The generated secondary amine (98) was then oxidized to the corresponding 
nitroxide (99) with m-CPBA (Scheme 4.7). 
 
Scheme 4.7: Reaction conditions employed toward the synthesis of the naphthyl-based 
nitroxide (99) 
The reaction proceeded in good yield (97%), furnishing the target naphthyl-
based nitroxide (99). Confirming formation of the naphthyl-based nitroxide (99), a 
characteristic three line EPR spectrum and hyperfine coupling constant (ɑN = 1.406 
mT) was obtained, consistent with the formation of the nitroxide moiety (Figure 
4.6).15 Furthermore, mass spectrometric analysis evidenced a peak consistent with 
the generated naphthyl-based nitroxide (99) (HRMS: m/z calculated for C16H19NO 






Figure 4.6: EPR spectrum of the naphthyl-based nitroxide (99) 
In order to compare the photo-dissociation efficiency of photosensitive 
alkoxyamines derived from the phenyl-, naphthyl- and anthracenyl-based systems, 
styrenic (88), methacrylic (89) and acrylic (90) naphthyl-based alkoxyamines were 
prepared (Scheme 4.8). The target alkoxyamines were prepared from radicals derived 
from (1-bromoethyl)benzene, ethyl α-bromoisobutyrate and ethyl 2-bromopropionate 
using a similar Cu mediated ATRA system to that previously employed.14  
 
Scheme 4.8: Reaction conditions employed toward the synthesis of the naphthyl-based 
alkoxyamines (88 - 90) 
ATRA reactions proceeded in good yield furnishing the styrenic (88) (93%), 
methacrylic (89) (93%) and acrylic (90) (94%) naphthyl-based alkoxyamines. 
However, due to the poor solubility of 99 in acetonitrile, THF was added as a co-
solvent at a 1:1 ratio. 




Upon incorporation of the alkoxyamine moieties, 1H NMR spectroscopy 
revealed peaks characteristic of the incorporated alkoxyamine moieties similar to that 
observed for the phenyl-based alkoxyamines (85 - 87). Additionally, 13C NMR 
spectroscopy revealed peaks characteristic of the carbonyl moieties of the 
incorporated methacrylic (89) and acrylic (90) ester functionalities (89 175.2 ppm 
and 90 174.1 ppm) (Figure 4.7). Furthermore, peaks characteristic of the carbon 
bound to the oxygen atom of the NO moiety (88 83.7 ppm, 89 81.3 ppm and 90 81.7 
ppm) were observed. 
 
Figure 4.7: 13C NMR spectra overlay of the naphthyl-based alkoxyamines (88 - 90) 
4.2.5 Proposed Synthetic Approach of Anthracenyl-Based Alkoxyamines 
The proposed synthetic approach toward the synthesis of the anthracenyl-
based alkoxyamines (91 - 93) was designed to take advantage of the anthraquinone-
based methoxyamine (83) previously prepared (Scheme 4.9). Accordingly, synthesis 
of the anthracenyl-based methoxyamine (100) was proposed to proceed through a 
two-step reduction of the anthraquinone-based methoxyamine (83).16 The first step of 






(83) to the corresponding anthrone (101) with stannous chloride dihydrate under 
acidic aqueous conditions. Further reduction of the generated anthrone (101) through 
zinc metal reduction in aqueous sodium hydroxide would then furnish the 
anthracenyl motif (100). Removal of the methoxyamine protecting group with m-
CPBA to regenerate the nitroxide moiety (102),17 would then facilitate formation of 
the anthracenyl-based alkoxyamines (91 - 93) under ATRA reaction conditions.14 
 
Scheme 4.9: Proposed synthetic approach toward anthracenyl-based alkoxyamines (91 - 93) 
4.2.6 Synthesis of Anthracenyl-Based Alkoxyamines 
The formation of the anthracenyl motif (100) was achieved through a two-
step reduction process from the previously prepared anthraquinone-based 
methoxyamine (83). In the first step, the anthraquinone moiety was efficiently 
reduced to the corresponding anthrone (101) with stannous chloride dihydrate under 
acidic aqueous conditions in good yield (95%) (Scheme 4.10). 
 
Scheme 4.10: Reaction conditions employed toward the synthesis of 2-methoxy-1,1,3,3-
tetramethyl-1,2,3,10-tetrahydro-5H-naphtho[2,3-f]isoindol-5-one (101)  
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Upon reduction of the anthraquinone motif (83) to generate the corresponding 
anthrone (101), 1H NMR spectroscopy revealed a characteristic peak at 4.366 ppm 
attributable to the incorporated benzylic hydrogen atoms, consistent with formation 
of the generated anthrone (101) (Figure 4.8). Furthermore, mass spectrometric 
analysis evidenced a peak consistent with the generated anthrone (101) (HRMS: 
calculated for C21H24NO2 [M+H]+ 322.1802; found 322.1811). 
Zinc metal reduction of the anthrone intermediate (101) under basic aqueous 
conditions then furnished the target anthracenyl-based methoxyamine (100) in 
moderate yield (61%) (Scheme 4.11). Due to the lack of homogeneity of the reaction 
mixture, careful agitation of the reaction mixture was required to ensure improved 
yields of the anthracenyl-based methoxyamine (100). 
 
Scheme 4.11: Reaction conditions employed toward the synthesis of 2-methoxy-1,1,3,3-
tetramethyl-2,3-dihydro-1H-naphtho[2,3-f]isoindoline (100) 
Following reduction of the anthrone intermediate (101), 1H NMR 
spectroscopy revealed the disappearance of the peak attributable to the benzylic 
hydrogen atoms of 101 (4.366 ppm), consistent with the formation of the anthracene 
motif (100) (Figure 4.8). Furthermore, 13C NMR spectroscopy revealed the 
disappearance of the peak attributable to the carbonyl carbon of 101 (184.18 ppm), 




Figure 4.8: 1H NMR spectra overlay of 2-methoxy-1,1,3,3-tetramethyl-1,2,3,10-tetrahydro-
5H-naphtho[2,3-f]isoindol-5-one (101) and 2-methoxy-1,1,3,3-tetramethyl-2,3-dihydro-1H-
naphtho[2,3-f]isoindoline (100) 
Attempted demethylation of the anthracenyl-based methoxyamine (100) with 
m-CPBA, under similar reaction conditions to that previously employed for the 
benzophenone-based methoxyamine (59) (2.2 eq. of m-CPBA), furnished the 
anthracenyl-based nitroxide (102) in low yield (42%). The low yield of 102 obtained 
under these conditions was attributed to oxidation of the anthracene motif.18 The 9- 
and 10-positions of the anthracene motif have a known predisposition to oxidation, 
providing an incompatibility with the applied reaction conditions.18 Accordingly, in 
an attempt to minimize oxidation of the anthracene motif, alternate reaction 
conditions were investigated. Treatment of 100 with 1.1 equivalent of m-CPBA led 
to a reduction in the yield of 102 (26%). The addition of 2.2 equivalents of m-CPBA 
in portions over the course of two hours also failed to improve the yield of 102 
(34%). However, when the reaction was performed with 2.2 equivalents of m-CPBA 







Scheme 4.12: Reaction conditions employed toward the synthesis of the anthracenyl-based 
nitroxide (102) 
Upon deprotection of the anthracenyl-based methoxyamine (100), a 
characteristic three line EPR spectrum and hyperfine coupling constant (ɑN = 1.438 
mT) was obtained, consistent with formation of the nitroxide moiety (102) (Figure 
4.9).15 Furthermore, mass spectrometric analysis evidenced a peak consistent with 
the generated anthracenyl-based nitroxide (102) (HRMS: m/z calculated for 
C20H20NONa [M+Na]+ 313.1437; found 313.1440). 
 
Figure 4.9: EPR spectrum of the anthracenyl-based nitroxide (102) 
In order to compare the photo-dissociation efficiency of photosensitive 
alkoxyamines derived from the phenyl-, naphthyl- and anthracenyl-based systems, 
styrenic (91), methacrylic (92) and acrylic (93) anthracenyl-based alkoxyamines 
were prepared (Scheme 4.13). The target alkoxyamines were prepared from radicals 
derived from (1-bromoethyl)benzene (91), ethyl α-bromoisobutyrate (92) and ethyl 
2-bromopropionate (93) using a similar Cu mediated ATRA system to that 
previously employed.14  





Scheme 4.13: Reaction conditions employed toward the synthesis of the anthracenyl-based 
alkoxyamines (91 - 93) 
ATRA reactions proceeded in good yield furnishing the styrenic (91) (84%), 
methacrylic (92) (82%) and acrylic (93) (85%) anthracenyl-based alkoxyamines. 
However, due to the poor solubility of 102 in acetonitrile, THF was added as a co-
solvent at a ratio of 1:1. 
1H NMR spectroscopy revealed peaks characteristic of the incorporated 
alkoxyamine moieties (91 - 93) similar to that observed for the phenyl- (85 - 87) and 
naphthyl- (88 - 90) based alkoxyamines. Furthermore, 13C NMR spectroscopy 
revealed peaks characteristic of the carbonyl moieties of the incorporated 
methacrylic (92) and acrylic (93) ester functionalities, as well as peaks characteristic 
of the carbon bound to the oxygen atom of the NO moiety, as previously observed 
for the phenyl- (85 - 87) and naphthyl- (88 - 90) based alkoxyamines. 
4.2.7 Photophysical Investigation of Phenyl-, Naphthyl- and Anthracenyl-
Based Alkoxyamines 
The investigated chromophores were selected for their intrinsic photophysical 
and photochemical properties, to determine their relevance to photosensitive 
alkoxyamines. Accordingly, to determine whether incorporation of the isoindoline 
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motif led to deviation of the photophysical properties of the parent chromophores, 
from which a deviation in the photochemical properties may be inferred, the 
photophysical properties of the phenyl- (41), naphthyl- (99) and anthracenyl- (102) 
based nitroxides and corresponding alkoxyamines (85 - 93) were investigated. 
Furthermore, the UV-visible absorbance spectra provide information on the 
range of wavelengths available to photo-dissociation studies. Additionally, the 
calculated molar extinction coefficients reveal the relative absorptivities of the 
investigated alkoxyamines to facilitate further comparison between the investigated 
chromophores.  
The measured UV-visible absorbance spectra demonstrates the lowest excited 
singlet state electronic transitions of each of the examined phenyl- (41), naphthyl- 
(99) and anthracenyl- (102) based nitroxides (Figure 4.10). A step-wise increase in 
the absorbance maxima, correlating with lower energy excited singlet state 
transitions, was observed with increasing conjugation of the phenyl- (41), naphthyl- 
(99) and anthracenyl- (102) based nitroxides.  
While no significant solvatochromic shift was observed for the phenyl- (41), 
naphthyl- (99) and anthracenyl- (102) based nitroxides, the absorbance maxima, 
vibration structure and molar extinction coefficients (Figure 4.10 and Table 4.2) were 





Figure 4.10: UV-visible absorbance spectra overlay of the phenyl- (41), naphthyl- (99) and 
anthracenyl- (102) based nitroxides in tert-butylbenzene (41 = 1.7 × 10-4 mol.L-1, 99 = 6.0 × 
10-5 mol.L-1, 102 = 9.0 × 10-6 mol.L-1) 
To determine whether incorporation of the alkoxyamine moieties led to a 
deviation of the photophysical properties relative to the corresponding nitroxides, the 
UV absorbance properties of the phenyl- (85 - 87), naphthyl- (88 - 90) and 
anthracenyl- (91 - 93) based alkoxyamines were examined.  
The UV-visible absorbance spectra of the phenyl-based alkoxyamines (85 - 
87) and corresponding nitroxide (41) in tert-butylbenzene were complicated by the 
absorbance of the solvent at wavelengths below 300 nm. However, a hypsochromic 
shift in the absorbance spectra of the investigated alkoxyamines (85 - 87) relative to 
the corresponding nitroxide (41) was observed (Figure 4.11). The observed 
hypsochromic shift in the absorbance spectra may, in part, be ascribed to the known 
π-π* absorbance of the nitroxide moiety, typically at wavelengths centred at 
approximately 235 nm.20 Incorporation of the alkoxyamine moieties removes the 























Figure 4.11: UV-visible absorbance spectra overlay of the phenyl-based nitroxide (41) and 
corresponding alkoxyamines (85 - 87) in tert-butylbenzene (41 = 2.8 × 10-4 mol.L-1, 85 = 3.6 
× 10-4 mol.L-1, 86 = 3.1 × 10-4 mol.L-1, 87 = 3.3 × 10-4 mol.L-1) 
Similar to the phenyl-based system previously examined (85 - 87), a 
hypsochromic shift in the absorbance spectra was observed for the naphthyl-based 
alkoxyamines (88 - 90) relative to their corresponding nitroxide (99) (Figure 4.12). 
However, as the π-π* electronic transition of the nitroxide moiety typically occurs in 
the range of 235 nm of the absorbance spectrum, the hypsochromic shift observed for 
the naphthyl-based alkoxyamines (88 - 90) does not appear to be attributable to the 
π-π* transition of the nitroxide moiety. 
Alternatively, the hypsochromic shift in the absorbance spectra of the 
naphthyl-based alkoxyamines (88 - 90) may be attributed to the vibrational structure 
of the naphthyl-based nitroxide (99), or, the lower polarity of the alkoxyamine 
moieties (88 - 90) relative to their corresponding nitroxide (99). Decreased polarity 
of the alkoxyamine moieties (88 - 90) may afford lower stabilization of the π-π* 























Figure 4.12: UV-visible absorbance spectra overlay of the naphthyl-based nitroxide (99) and 
corresponding alkoxyamines (88 - 90) in tert-butylbenzene (99 = 6.0 × 10-5 mol.L-1, 88 = 4.8 
× 10-5 mol.L-1, 89 = 4.9 × 10-5 mol.L-1, 90 = 3.8 × 10-5 mol.L-1) 
Similar to the phenyl- (85 - 87) and naphthyl- (88 - 90) based systems 
previously examined, a hypsochromic shift in the absorbance spectra was again 
observed for the anthracenyl-based alkoxyamines (91 - 93) relative to their 
corresponding nitroxide (102) (Figure 4.13). In the case of the anthracenyl-based 
nitroxide (102), the π-π* electronic transition of the nitroxide moiety is further 
removed from the absorbance maxima of the anthracenyl moiety (102) than the 
phenyl- (41) and naphthyl- (99) based nitroxides previously examined. Accordingly, 
the π-π* transition of the nitroxide moiety is not anticipated to exert any effect on 
absorbances in the region of the lowest electronic transition of the anthracenyl 
moiety (91 - 93). Accordingly, the hypsochromic shift in the absorbance spectra of 
the anthracenyl-based alkoxyamines (91 - 93) relative to their corresponding 
nitroxide (102) appears related to a reduction of either the available vibrational 























Figure 4.13: UV-visible absorbance spectra overlay of the anthracenyl-based nitroxide (102) 
and corresponding alkoxyamines (91 - 93) in tert-butylbenzene (102 = 9.0 × 10-6 mol.L-1, 91 
= 6.3 × 10-6 mol.L-1, 92 = 8.4 × 10-6 mol.L-1, 93 = 8.0 × 10-6 mol.L-1) 
Despite the observed hypsochromic shifts of the phenyl- (85 - 87), naphthyl- 
(88 - 90) and anthracenyl- (91 - 93) based alkoxyamines relative to their 
corresponding nitroxides (41, 99 and 102), the absorption properties of the 
investigated systems appear consistent with the parent chromophores. In particular, 
the characteristic vibrational structures of the naphthyl- (88 - 90 and 99) and 
anthracenyl- (91 - 93 and 102) based systems show a good correlation with the 
parent chromophores. Furthermore, the absorbance maxima and calculated molar 
extinction coefficients (Table 4.2) are consistent with the parent chromophores. 
Accordingly, as the photophysical properties of the phenyl- (85 - 87), naphthyl- (88 - 
90) and anthracenyl- (91 - 93) based systems show a good correlation with the parent 
chromophores, similar photochemical properties of the investigated photosensitive 
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Table 4.2: Photophysical properties of examined phenyl-, naphthyl- and anthracenyl-based 
systems 










41 - - 269 1072 
 
99 319 1186.1 319 808 
 
88 319 1547.6 - - 
 
89 319 1550.5 - - 
 
90 319 1898.9 - - 
 
102 364 8132.7 364 7122.4 
 
91 362 9868.1 - - 
 
92 362 7520.5 - - 
 
93 362 8265.2 - - 
a = measured at max. 
4.2.8 Photochemical Investigation of Phenyl-, Naphthyl- and Anthracenyl-
Based Alkoxyamines 
The foremost requisite for mediating a controlled NMP2 process is efficient 
photo-dissociation of the alkoxyamine moiety to furnish alkyl and nitroxide radicals. 
Accordingly, photo-dissociation studies by EPR spectroscopy were performed to 
investigate the potential for photo-induced cleavage of the phenyl- (85 - 87), 
naphthyl- (88 - 90) and anthracenyl- (91 - 93) based alkoxyamines. Direct irradiation 
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within the EPR cavity facilitated real time monitoring of nitroxide formation (Figure 
4.14). Oxygen was used as the alkyl radical scavenger to prevent recombination of 
the nitroxide and alkyl radicals.21 
 
Figure 4.14: General photo-dissociation process 
A broad range UV source (UVA, UVB and UVC) was employed for the 
phenyl- (85 - 87), naphthyl- (88 - 90) and anthracenyl- (91 - 93) based alkoxyamines, 
whilst a well defined UVA source and a broad range visible light source were also 
employed for the anthracenyl-based alkoxyamines (91 - 93) (Figure 4.15).  
 
Figure 4.15: Broad range UV, UVA and visible light irradiance spectra 
Photo-dissociation studies were performed in tert-butylbenzene with a 
concentration of 1 × 10-4 mol.L-1 for each of the phenyl- (85 - 87), naphthyl- (88 - 
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4.2.8.1 Photochemical Investigation of Phenyl-Based alkoxyamines 
The isoindoline motif was incorporated into all of the photosensitive 
alkoxyamines and corresponding nitroxides reported herein. Accordingly, to 
determine whether the isoindoline motif possessed an inherent photosensitivity, 
photo-dissociation studies of the styrenic (85), methacrylic (86) and acrylic (87) 
phenyl-based alkoxyamines were investigated. Solutions of 85, 86 and 87 in tert-
butylbenzene were subjected to broad range UV irradiation within the EPR cavity 
(Figure 4.16). A 3% increase in the nitroxide recovery of the styrenic phenyl-based 
alkoxyamine (85) was obtained after one hour. However, no discernible increase in 
the nitroxide recoveries of the methacrylic (86) and acrylic (87) phenyl-based 
alkoxyamines were observed. These results demonstrate an inherent, albeit low, 
photosensitivity of the styrenic phenyl-based alkoxyamine (85) under broad range 
UV irradiation. 
 
Figure 4.16: Nitroxide recoveries obtained for the phenyl-based alkoxyamines (85 - 87) 
under broad range UV irradiation 
Similarly, the photochemical stability of the phenyl-based nitroxide (41) was 


























nitroxide (41) (Figure 4.17). Solutions of 41 in tert-butylbenzene were irradiated 
within the EPR cavity. Under broad range UV irradiation a 14% reduction in the 
concentration of 41 was obtained after 2 hours. The photochemical stability of 41 
under UVA irradiation was significantly improved. Under UVA irradiation a 3% 
reduction in the concentration of 41 was obtained after 2 hours demonstrating a high 
photochemical stability under UVA irradiation. 
 
Figure 4.17: Nitroxide stabilities obtained for the phenyl-based nitroxide (41) under broad 
range UV and UVA irradiation 
Accordingly, the modest photochemical instability of the parent isoindoline 
nitroxide (41) under broad range UV irradiation may contribute, in part, to the 
reduction of nitroxide recoveries previously observed for the benzophenone- (42, 45 
and 70) and anthraquinone- (77) based systems under broad range UV irradiation.  
4.2.8.2 Photochemical Investigation of Naphthyl-Based alkoxyamines  
To evaluate the potential for photo-dissociation of the naphthyl-based 
alkoxyamines, solutions of the styrenic (88), methacrylic (89) and acrylic (90) 
naphthyl-based alkoxyamines were subjected to broad range UV irradiation within 
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90) led to a rapid increase in the nitroxide recoveries. After 4 hours of UV 
irradiation, high nitroxide recoveries were obtained for the styrenic (88) (99%), 
methacrylic (89) (95%) and acrylic (90) (99%) naphthyl-based alkoxyamines.  
 
Figure 4.18: Nitroxide recoveries obtained for the styrenic (88), methacrylic (89) and acrylic 
(90) naphthyl-based alkoxyamines under broad range UV irradiation 
The high nitroxide recoveries obtained for the styrenic (88) and methacrylic 
(89) naphthyl-based alkoxyamines are an improvement over the state-of-the-art 
photosensitive alkoxyamines that have been reported to date.22 Importantly, these 
results demonstrate the first example of a photosensitive alkoxyamine, bearing an 
acrylic alkoxyamine moiety (90), that efficiently cleaves under UV irradiation to 
afford acrylic and nitroxide radicals. 
Photo-dissociation studies revealed a trend in the rate of photochemical 
cleavage of the investigated alkoxyamines (88 - 90). The rate of dissociation of the 
naphthyl-based systems was found to follow the order: styrenic (88) (kd = 0.0013 s-1) 
> methacrylic (89) (kd = 0.0007 s-1) > acrylic (90) (kd = 0.0004 s-1). Interestingly, 
these results are in contrast to the dissociation rate order that would be anticipated 


























known steric and electronic effects.23 Accordingly, thermal-dissociation studies of 
the styrenic (88), methacrylic (89) and acrylic (90) naphthyl-based alkoxyamines in 
tert-butylbenzene were investigated by EPR spectroscopy to determine their ground 
state BDE. The ground state BDE, determined from their corresponding kd at 
constant temperatures (as previously discussed), were shown to correlate with the 
expected dissociation rate order: methacrylic (89) (BDE = 126.30 kJ.mol-1) < styrenic 
(88) (BDE = 135.69 kJ.mol-1) < acrylic (90) (BDE = 142.74 kJ.mol-1).24 Accordingly, 
these results demonstrate a deviation in the efficiency of photo-dissociation from that 
expected based on the ground state BDE of naphthyl-based alkoxyamines (88 - 90). 
Whilst the rate of photo-dissociation of the methacrylic (89) and acrylic (90) 
naphthyl-based alkoxyamines follow the trend expected based on the calculated 
ground state BDE, the styrenic naphthyl-based alkoxyamine (88) deviates from this 
trend. The variation in the rate of photo-dissociation of the styrenic naphthyl-based 
alkoxyamine (88) could potentially be explained by changes in the excited state BDE 
relative to the ground state BDE of the naphthyl-based alkoxyamines (88 - 90). 
Alternatively, a difference in the excited state energy transfer efficiency, or 
mechanism, between the styrenic (88), methacrylic (89) and acrylic (90) naphthyl-
based alkoxyamines could account for the unexpected trend in photo-dissociation. 
The styrenic moiety of 88 possesses an aromatic system that could potentially act as 
an antenna, enhancing the rate of photo-dissociation of 88 compared to 89 and 90. 
Furthermore, the involvement of a styrenic antenna could potentially account for the 
low increase in nitroxide recovery observed for the styrenic phenyl-based 
alkoxyamine (85) under broad range UV irradiation. Formation of an excited state 
styrenic moiety through either direct absorption of UV irradiation, or, intramolecular 
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photosensitization, may potentially account for the increased photosensitivity of the 
styrenic phenyl-based alkoxyamine (85). 
Photo-dissociation studies of the naphthyl-based alkoxyamines (88 - 90) 
revealed the naphthyl-based system to be a highly relevant candidate for NMP2. 
Accordingly, the naphthyl-based system warranted further investigation. Whilst the 
foremost requisite for mediating a controlled photopolymerization is efficient photo-
dissociation of the alkoxyamine moiety to furnish alkyl and nitroxide radicals, the 
photo-dissociation process must be reversible and the mediating nitroxide 
sufficiently stable, to mediate controlled polymer growth. 
Accordingly, to determine whether the naphthyl-based nitroxide (99) would 
be sufficiently stable under photopolymerization conditions, the photochemical 
stability of the naphthyl-based nitroxide (99) was investigated (Figure 4.19). Under 
broad range UV irradiation an 8% reduction in the nitroxide concentration was 
obtained after 4 hours of UV irradiation. Furthermore, as radical polymerizations are 
sensitive to the presence of molecular oxygen, necessitating the exclusion of 
molecular oxygen from a polymerization medium, the photochemical stability of 
naphthyl-based nitroxide (99) was assessed in the absence of molecular oxygen 
(Figure 4.19). Under deoxygenated conditions, a 9% reduction in the concentration 
of nitroxide was observed after 4 hours of UV irradiation. Accordingly, under both 
oxygenated and deoxygenated conditions the naphthyl-based nitroxide (99) 




Figure 4.19: Nitroxide stabilities obtained under oxygenated and deoxygenated conditions 
for the naphthyl-based nitroxide (99) under broad range UV irradiation 
To determine whether the photo-dissociation process was reversible, photo-
dissociation analyses of the naphthyl-based alkoxyamines (88 - 90) were performed 
in the absence of molecular oxygen. In the absence of molecular oxygen, photo-
dissociation of the naphthyl-based alkoxyamines (88 - 90) allows for the 
recombination of alkyl and nitroxide radicals, and ideally, for the establishment of a 
persistent radical effect (PRE).25  
The PRE is a general principle that explains the highly dominant formation of 
cross-coupled products in a radical process, where two radicals species, one 
persistent (nitroxide) and one transient (alkyl), are formed at equal rates.25 An initial 
increase in the concentration of the persistent radical, caused by self termination of 
the transient radical species, occurs until the concentration of the persistent radical is 
sufficient to effectively suppress self termination of the transient radical. This 
process allows for the near complete formation of the cross coupled product once a 
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The PRE is responsible for the controlled nature of NMP.26 Recombination of 
the persistent nitroxide radical with the growing polymeric radical lowers the steady 
state concentration of nitroxide and alkyl radicals, suppressing chain termination 
processes.26 Regeneration of the nitroxide and polymeric radicals allows for 
controlled polymer growth as the polymerization cycles through dormant 
(alkoxyamine) and reactive (radical) states.26 Accordingly, investigation of the 
naphthyl-based alkoxyamines (88 - 90) was undertaken to determine whether a PRE 
could be established under UV irradiation.  
A deoxygenated solution of the styrenic naphthyl-based alkoxyamine (88) in 
tert-butylbenzene was subjected to broad range UV irradiation (Figure 4.20). 
Following an initial increase in the nitroxide recovery over 20 minutes, a steady state 
nitroxide concentration was established and maintained over 3 hours, demonstrating 
a persistent radical effect. Oxygen, an alkyl radical scavenger,21 was then introduced 
into the EPR sample which led to an increase in the nitroxide recovery, further 
supporting the reversibility of alkoxyamine homolysis under deoxygenated 
conditions.  
 
Figure 4.20: Nitroxide recovery obtained for the styrenic naphthyl-based alkoxyamine (88) 
demonstrating a PRE under broad range UV irradiation, followed by the addition of air after 




























Having demonstrated a PRE for the styrenic naphthyl-based alkoxyamine 
(88), the methacrylic naphthyl-based alkoxyamine (89) was examined to determine 
whether a similar PRE could be established (Figure 4.21). A deoxygenated solution 
of the methacrylic naphthyl-based alkoxyamine (89) in tert-butylbenzene was 
subjected to broad range UV irradiation. Following an initially rapid increase in the 
nitroxide recovery over 15 minutes, a slow increase in the nitroxide recovery was 
observed over 3 hours. The slow increase in nitroxide concentration over 3 hours 
demonstrates that the photo-dissociation is reversible. However, as a steady state 
concentration of the nitroxide (99) was not achieved, these results demonstrate that a 
PRE was not established.25 Oxygen, an alkyl radical scavenger,21 was again 
introduced into the EPR sample which led to an increase in the nitroxide recovery, 
further supporting the reversibility of alkoxyamine homolysis under deoxygenated 
conditions. 
 
Figure 4.21: Nitroxide recovery obtained for the methacrylic naphthyl-based alkoxyamine 
(89) demonstrating a non-perfect PRE under broad range UV irradiation, followed by the 
addition of air after ~ 3 hours 
The slow increase in nitroxide recovery over 3 hours could potentially be 
ascribed to a low rate of recombination of the generated methacrylic and nitroxide 



























would lead to an increased competition of self termination of the transient 
methacrylic radicals.27 Increased competition between recombination of the 
methacrylic and nitroxide radicals with self termination of the methacrylic radicals 
could therefore account for the slow increase in nitroxide recovery over 3 hours. 
Photo-dissociation of the acrylic naphthyl-based alkoxyamine (90) was then 
investigated to determine whether a PRE could be established (Figure 4.22). A 
deoxygenated solution of the acrylic naphthyl-based alkoxyamine (90) in tert-
butylbenzene was subjected to broad range UV irradiation. Following an initial 
increase in the nitroxide recovery over 20 minutes, a steady state nitroxide 
concentration was established and maintained over 3 hours, demonstrating a PRE.25 
Oxygen, an alkyl radical scavenger,21 was again introduced into the EPR sample 
which led to an increase in the nitroxide recovery, further supporting the reversibility 
of alkoxyamine homolysis under deoxygenated conditions. 
 
Figure 4.22: Nitroxide recovery obtained for the acrylic naphthyl-based alkoxyamine (90) 
demonstrating a PRE under broad range UV irradiation, followed by the addition of air after 
~ 3 hours 
The formation of PREs for the styrenic (88) and acrylic (90) naphthyl-based 
alkoxyamines identify these systems as highly relevant candidates for further 



























based alkoxyamine (89) did not establish a true PRE, some control was evident, 
warranting further examination of 89 within a photopolymerization context.  
4.2.8.3 Photochemical Investigation of Anthracenyl-Based Alkoxyamines  
To evaluate the potential for photo-dissociation of the anthracenyl-based 
alkoxyamines (91 - 93), solutions of the styrenic (91), methacrylic (92) and acrylic 
(93) anthracenyl-based alkoxyamines in tert-butylbenzene were irradiated within the 
EPR cavity. Initial investigations focussed on the styrenic anthracenyl-based 
alkoxyamine (91) in order to optimize the irradiation conditions to the anthracene 
chromophore before assessing the methacrylic (92) and acrylic (93) anthracenyl-
based alkoxyamines. 
Solutions of the styrenic anthracenyl-based alkoxyamine (91) in tert-
butylbenzene were irradiated within the EPR cavity (Figure 4.23). Under broad range 
UV irradiation a rapid increase in the nitroxide recovery was observed, 49% over 1.8 
hours, returning to 39% after 3.2 hours. Under UVA irradiation a similar increase in 
the nitroxide recovery was observed (41%), however, the nitroxide recovery 
remained relatively stable over the irradiation conditions. Under visible light 
irradiation 46% nitroxide recovery was obtained over 20 hours with no discernible 





Figure 4.23: Nitroxide recoveries obtained for the styrenic anthracenyl-based alkoxyamine 
(91) under broad range UV, UVA and visible light irradiation 
Irradiation of the methacrylic anthracenyl-based alkoxyamine (92) with UVA 
irradiation evidenced a 9% increase in the nitroxide recovery after 15 hours, while a 
3% nitroxide recovery was obtained after 20 hours of visible light irradiation (Figure 
4.24). However, irradiation of the acrylic anthracenyl-based alkoxyamine (93) with 
UVA and visible light evidenced no discernible increase in the nitroxide recovery 
(Figure 4.24).  
 
Figure 4.24: Nitroxide recoveries obtained for the methacrylic (92) and acrylic (93) 
anthracenyl-based alkoxyamines under UVA and visible light irradiation 
The low nitroxide recoveries obtained for the anthracenyl-based 
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insufficient excited state energy to overcome the BDE of the acrylic alkoxyamine 
bond (93), rapid photochemical decomposition of the potentially generated nitroxide 
moiety (102), or, competitive excited state processes. Though the styrenic (91) and 
methacrylic (92) anthracenyl-based alkoxyamines demonstrated a plateau in the 
nitroxide recovery, indicating the generated nitroxide (102) was stable, independent 
analyses were performed to determine the photochemical stability of the anthracenyl-
based nitroxide (102). To investigate whether the low nitroxide recoveries obtained 
could be attributed to photochemical decomposition of the nitroxide moiety, 
oxygenated and deoxygenated solutions of 102 in tert-butylbenzene were subjected 
to visible light irradiation and monitored by EPR spectroscopy (Figure 4.25). Despite 
an initial decrease in the nitroxide concentration, the photochemical stability 
remained constant, with a 5% and 7% reduction in the concentration of 102 observed 
under oxygenated and deoxygenated conditions respectively. Accordingly, the 
photochemical stability of the anthracenyl-based nitroxide (102) under oxygenated 
and deoxygenated conditions indicate that photochemical decomposition of the 
nitroxide moiety could not account for the low nitroxide recoveries obtained.  
 
Figure 4.25: Nitroxide stabilities obtained under oxygenated and deoxygenated conditions 























102 (Oxygenated) 102 (Deoxygenated)
217 
 
In view of the photochemical stability of the anthracenyl-based nitroxide 
(102), competitive excited state processes may account for the low nitroxide 
recoveries of the anthracenyl-based alkoxyamines (91 - 93). Under UV irradiation, 
photochemical dimerization of anthracene is known to proceed through [4 + 4] 
cycloaddition involving the 9- and 10-positions of the anthracene motif (Figure 
4.26).28 Photochemical dimerization disrupts conjugation of both of the involved 
anthracene motifs, thereby altering the photophysical and photochemical properties 
of the chromophores. 
 
Figure 4.26: Photochemical dimerization of anthracene 
The photochemical stabilities of the anthracenyl-based alkoxyamines (91 - 
93) and anthracenyl-based nitroxide (102) were investigated to determine whether 
photochemical dimerization of the anthracene motif could account for the low 
nitroxide recoveries obtained. Solutions of the anthracenyl-based nitroxide (102) as 
well as the styrenic (91), methacrylic (92) and acrylic (93) anthracenyl-based 
alkoxyamines in tert-butylbenzene were subjected to UVA irradiation within a 
Rayonet photoreactor. The UV-visible absorbance spectrum of each solution was 
measured prior to, and following, UVA irradiation. After 3 hours of UVA irradiation, 
a reduction in the intensity of the absorbance spectra was observed for each of the 
anthracenyl-based derivatives (102 and 91 - 93), consistent with dimerization of the 




Figure 4.27: Chromophore stabilities of the investigated anthracenyl-based nitroxide (102) 
and corresponding alkoxyamines (91 - 93) under UVA irradiation 
Furthermore, mass spectrometric analysis of the irradiated solutions 
evidenced peaks consistent with photochemical dimerization of each of the 
investigated anthracenyl-based alkoxyamines (91 (dimer) m/z calculated for 
C56H59N2O2 [M+H]+ 791.5; found 791.6. 92 (dimer) m/z calculated for C52H63N2O6 
[M+H]+ 811.5; found 811.6. 93 (dimer) m/z calculated for C56H59N2O2 [M+H]+ 
783.4; found 783.6).  
Analysis of the UV-visible absorbance spectra demonstrated that the 
photochemical stability of the anthracene motif was significantly higher in the 
presence of the nitroxide (102) (81%), than in the presence of the styrenic (91) 
(43%), methacrylic (92) (36%) and acrylic (93) (31%) alkoxyamines. This is 
consistent with the known nitroxide quenching of excited states,29 reducing the 
excited state lifetime of the anthracene motif, thereby reducing the rate of 
photochemical dimerization.28 The reduction in the UV-visible absorbance spectrum 
of the anthracenyl-based alkoxyamines (91 - 93), as well as mass spectrometric 
analyses, indicate that photochemical dimerization of the anthracene motif is in 
competition with photo-dissociation. Furthermore, these results reveal a trend in the 
























(91) > methacrylic (92) > acrylic (93). This trend may account for the observed trend 
in the photo-dissociation efficiencies, styrenic (91) > methacrylic (92) > acrylic (93). 
Decreasing nitroxide recoveries correlate with increased photochemical dimerization 
of the anthracenyl-based alkoxyamines (91 - 93).  
4.3 Conclusions 
Novel phenyl- (85 - 87), naphthyl- (88 - 90) and anthracenyl- (91 - 93) based 
photosensitive alkoxyamines were investigated to gain further insight into the 
photochemical energy requirements facilitating alkoxyamine bond homolysis. 
Both the phenyl- (85 - 87) and naphthyl- (88 - 90) based alkoxyamines were 
prepared through parallel synthetic approaches involving the exhaustive methylation 
of their respective phthalimide precursors (52 and 97) under Grignard reaction 
conditions, followed by hydrogenolysis (94 and 98) and oxidation (41 and 99). 
Formation of the phenyl- (41) and naphthyl- (99) based nitroxides then facilitated 
formation of their corresponding alkoxyamines (85 - 87 and 88 - 90 respectively) 
under ATRA reaction conditions (21 - 23% overall yield, 5 steps (85 - 87) and 33% 
overall yield, 5 steps (88 - 90)). Whilst reduction of the anthraquinone-based system 
(83) previously examined provided a convenient, albeit low yielding (3% overall 
yield, 11 steps), synthetic route to the novel anthracenyl-based alkoxyamines (91 - 
93).  
Photophysical investigations of the phenyl- (85 - 87), naphthyl- (88 - 90) and 
anthracenyl- (91 - 93) based alkoxyamines revealed that in each case the absorbance 
properties of the investigated alkoxyamines were consistent with their parent 
chromophores. Furthermore, the expected step-wise decrease in lowest excited 
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singlet state electronic transitions with increasing conjugation was observed, 
correlating with reduced excited singlet state energies.  
As the isoindoline system was incorporated into all of the photosensitive 
alkoxyamines reported herein, the photochemical properties of the phenyl-based 
alkoxyamines (85 - 87) were examined. Despite a small increase in the nitroxide 
recovery of the styrenic phenyl-based alkoxyamine (85) (3%), the isoindoline system 
was shown to be relatively inert to the applied irradiation conditions. Accordingly, 
expansion of the aryl system of TMIO (41) is required for efficient photo-
dissociation of isoindoline-based alkoxyamines. 
The naphthyl-based system demonstrated rapid and near quantitative 
nitroxide recoveries for the styrenic (88), methacrylic (89) and acrylic (90) 
alkoxyamines under UV irradiation. Importantly, the naphthyl-based system 
facilitated efficient cleavage of the acrylic alkoxyamine bond (90) under UV 
irradiation. To our knowledge, this is the first example of efficient cleavage of an 
acrylic alkoxyamine bond under UV irradiation to afford acrylic and nitroxide 
radicals. Photochemically induced cleavage of the acrylic alkoxyamine bond (90) 
presents the highly desireable opportunity for the controlled photopolymerization of 
acrylic monomers under UV irradiation.  
The relevance of the naphthyl-based system (88 - 90) to NMP2 was 
established through both the high nitroxide recoveries obtained, as well as the 
formation of PREs. Both the styrenic (88) and acrylic (90) naphthyl-based 
alkoxyamines demonstrated the efficient formation of PREs under UV irradiation. 
Accordingly, the styrenic (88) and acrylic (90) naphthyl-based alkoxyamines are 
highly relevant candidates for the controlled photopolymerization of styrenic and 
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acrylic monomers. A low rate of recombination of the methacrylic and nitroxide 
radicals could potentially account for the inability of the methacrylic naphthyl-based 
alkoxyamine (89) to establish a true PRE. However, some control was evident by the 
slow increase in nitroxide recovery over the deoxygenated irradiation conditions. 
Accordingly, further investigation of the methacrylic system (89) is warranted to 
determine the level of control the naphthyl-based nitroxide (99) may impart over the 
photopolymerization of methacrylic monomers. 
The styrenic (91) and methacrylic (92) anthracenyl-based alkoxyamines 
demonstrated moderate photo-dissociation efficiencies under UVA and visible light 
irradiation. However, the efficiency of photo-dissociation was limited by competitive 
photochemical dimerization of the anthracenyl motif. Accordingly, photochemical 
dimerization of the anthracenyl motif represents a competitive excited state process 
which limits the efficiency of photo-dissociation of the anthracenyl-based 
alkoxyamines (91 - 93). Similar to the benzophenone-based system previously 
examined, these results demonstrate that competitive excited state processes of the 
chromophore need to be considered in the future design of photosensitive 
alkoxyamines. 
Moreover, examination of the phenyl- (85 - 87), naphthyl- (88 - 90) and 
anthracenyl- (91 - 93) based photosensitive alkoxyamines demonstrated that efficient 
PET processes are essential to efficient photo-dissociation. Furthermore, the excited 
state energy of chromophores, required to overcome the modified BDE of 
photosensitive alkoxyamines, is also a key parameter governing the photo-





All reagents were purchased from Sigma Aldrich and used without further 
purification. Anhydrous solvents were dried over sodium. Reactions were followed 
by thin layer chromatography (Merck Silica Gel 60 F254). Reactions were purified 
by silica gel column chromatography (Silica gel 60 Å (230 - 400 mesh)). 1H NMR 
analyses were conducted at 400 MHz and 13C NMR analyses conducted at 100 MHz. 
Chemical shifts () for 1H NMR and 13C NMR analyses, conducted in deuterated 
chloroform, are reported in ppm relative to their solvent residual peaks: proton ( = 
7.26 ppm) and carbon ( = 77.16 ppm). Multiplicity is indicated as follows: s 
(singlet); d (doublet); t (triplet); m (multiplet); dd (doublet of doublet); br s (broad 
singlet). Coupling constants are reported in Hertz (Hz). Mass spectrometry analyses 
were conducted with electrospray as the ionization technique. Infrared spectroscopy 
analyses were conducted as neat samples using a Nicolet 870 Nexus Fourier 
Transform infrared spectrometer equipped with a DTGS TEC detector and an 
Attenuated Total Reflectance (ATR) accessory (Nicolet Instrument Corp., Madison, 
WI) using a Smart Endurance single reflection ATR accessory equipped with a 
composite diamond IRE with a 0.75 mm2 sampling surface and a ZnSe focussing 
element. Analytical HPLC were performed on a Hewlett Packard 1100 series HPLC, 
using an Agilent prep-C18 scalar column (10 μm, 4.6 × 150 mm) at a flow rate of 1 
mL/min, purity determined by UV detection of absorbing species at 254 nm. All UV-
visible spectra were recorded on a single beam Varian Cary 50 UV-visible 
spectrophotometer. Melting points were measured on a Gallenkamp variable 
temperature apparatus. EPR analyses were performed with Magnettech Miniscope, 
Bruker EMX and Bruker ELEXSYS EPR spectrometers. Photo-dissociation analyses 
were performed with Hamamatsu LC8 UV and visible lamps. 
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4.4.1 Synthetic Procedures 
4.4.1.1 1,1,3,3,-Tetramethylisoindoline (94)13 
 
A solution of 2-benzyl-1,1,3,3-tetramethylisoindoline (52) (800 mg, 3.0 
mmol) in glacial acetic acid (50 mL) was hydrogenated over 10% Pd/C (50 mg) in a 
Parr hydrogenator at a pressure of 60 psi H2 for 4 hours. The reaction mixture was 
filtered through celite, eluting with ethyl acetate and concentrated in vacuo. The 
concentrated reaction mixture was dissolved in 2M HCl and washed with diethyl 
ether. The combined organic extracts were back extracted with 2M HCl. The 
combined acidic aqueous extracts were basified with 10M NaOH and extracted with 
diethyl ether. The combined organic extracts were washed with water followed by a 
saturated solution of brine, dried over anhydrous sodium sulphate and concentrated 
in vacuo to afford 1,1,3,3-tetramethylisoindoline (94) as a low melting white solid 
(523 mg, 99% yield). 1H NMR (400 MHz, CDCl3):  (ppm) = 7.26 - 7.24 (m, 2H, 
Harom), 7.14 - 7.11 (m, 2H, Harom), 1.74 (s, 1H, NH), 1.46 (s, 12H, 4×CH3). HRMS: 
m/z calculated for C12H18N [M+H]+ 176.1434; found 176.1440. These data are 
consistent with that previously reported by Griffiths et al.13 
4.4.1.2 1,1,3,3-Tetramethylisoindolin-2-yloxyl (41) 
 
To a solution of 1,1,3,3-tetramethylisoindoline (94) (750 mg, 4.3 mmol, 1.0 
eq.) in dichloromethane (100 mL) was added m-CPBA (77% purity) (1.44 g, 6.4 
mmol, 1.5 eq.) in portions. The reaction was stirred for one hour at room 
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temperature. 2M Sodium hydroxide (100 mL) was added and the resulting mixture 
stirred vigorously for 15 minutes. The reaction mixture was extracted with 
dichloromethane. The combined organic extracts were washed with water followed 
by a saturated solution of brine, dried over anhydrous sodium sulphate and 
concentrated in vacuo. Purification via silica gel column chromatography (diethyl 
ether : n-hexanes; 1 : 4) afforded 1,1,3,3-tetramethylisoindolin-2-yloxyl (41) as an 
orange solid (741 mg, 91% yield). Rf = 0.24, diethyl ether : n-hexanes, 1 : 4. M.p. 
124 - 126 °C, lit.13 128 - 129 °C. IR (ATR) νmax = 3049 (=CH), 2976 and 2928 (–
CH), 1485 and 1452 (C=C), 1428 (NO•) cm-1. HRMS: m/z calculated for 
C12H16NONa [M+Na]+ 213.1124; found 213.1133. EPR (DCM): N = 1.418 mT. 
These data are consistent with that previously reported by Griffiths et al.13  
4.4.1.3 (1-((1,1,3,3-Tetramethylisoindolin-2-yl)oxy)-ethyl) benzene (85) 
 
1,1,3,3-Tetramethylisoindolin-2-yloxyl (41) (100 mg, 0.53 mmol, 1.0 eq.) 
and copper turnings (33 mg, 0.53 mmol, 1.0 eq.) were placed in a round bottom 
flask, sealed with a rubber septum and placed under an inert atmosphere of argon. 
Acetonitrile (5 mL), previously deoxygenated by argon bubbling (1 hour), was added 
via syringe and the reaction mixture further deoxygenated by argon bubbling (15 
minutes). N,N,N’,N’,N’’-pentamethyldiethylenetriamine (PMDETA) (91 mg, 0.53 
mmol, 1.0 eq.) and (1-bromoethyl)benzene (122 mg, 0.66 mmol, 1.25 eq.) were 
added via syringe and the reaction stirred for 16 hours under an inert atmosphere of 
argon. The reaction mixture was filtered over celite, eluting with dichloromethane, 
and concentrated in vacuo. Purification via silica gel column chromatography 
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(diethyl ether : n-hexanes, 1 : 9) afforded (1-((1,1,3,3-tetramethylisoindolin-2-
yl)oxy)-ethyl) benzene (85) as a white solid (137 mg, 88% yield). Rf = 0.60, diethyl 
ether : n-hexanes, 1 : 9. M.p. 58 - 59 °C. IR (ATR) νmax = 3030 (=CH), 2980 and 
2928 (–CH), 1609, 1590, 1484 and 1455 (C=C) cm-1. 1H NMR (400 MHz, CDCl3):  
(ppm) = 7.41 - 7.26 (m, 5H, Harom), 7.21 - 7.18 (m, 2H, Harom), 7.11 (d, J = 6.8 Hz, 
1H, Harom), 7.01 (d, J = 6.8 Hz, 1H, Harom), 4.87 (q, J = 6.8 Hz, 1H, CH), 1.61 - 1.57 
(m, 6H, 2×CH3), 1.42 (s, 3H, CH3), 1.26 (s, 3H, CH3), 0.92 (s, 3H, CH3). 13C NMR 
(400 MHz, CDCl3):  (ppm) = 145.6, 145.2, 145.0, 128.2, 127.5, 127.3, 127.2, 121.8, 
121.6, 83.5, 67.8, 67.2, 30.4, 29.8, 25.6, 25.4, 22.6. HRMS: m/z calculated for 
C20H26NO [M+H]+ 296.2009; found 296.2004. Purity > 95% as determined by 
analytical HPLC. 
4.4.1.4 Ethyl 2-methyl-2-((1,1,3,3-tetramethylisoindolin-2-yl)oxy) propa-
noate (86) 
 
1,1,3,3-Tetramethylisoindolin-2-yloxyl (41) (100 mg, 0.53 mmol, 1.0 eq.) 
and copper turnings (33 mg, 0.53 mmol, 1.0 eq.) were placed in a round bottom 
flask, sealed with a rubber septum and placed under an inert atmosphere of argon. 
Acetonitrile (5 mL), previously deoxygenated by argon bubbling (1 hour), was added 
via syringe and the reaction mixture further deoxygenated by argon bubbling (15 
minutes). N,N,N’,N’,N’’-pentamethyldiethylenetriamine (PMDETA) (91 mg, 0.53 
mmol, 1.0 eq.) and ethyl α-bromoisobutyrate (128 mg, 0.66 mmol, 1.25 eq.) were 
added via syringe and the reaction stirred for 16 hours under an inert atmosphere of 
argon. The reaction mixture was filtered over celite, eluting with dichloromethane, 
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and concentrated in vacuo. Purification via silica gel column chromatography 
(diethyl ether : n-hexanes, 1 : 9) afforded ethyl 2-methyl-2-((1,1,3,3-
tetramethylisoindolin-2-yl)oxy) propanoate (86) as a clear oil (132 mg, 82% yield). 
Rf = 0.36, diethyl ether : n-hexanes, 1 : 9. IR (ATR) νmax = 3027 (=CH), 2979 and 
2934 (–CH), 1733 (C=O), 1486 and 1461 (C=C) cm-1. 1H NMR (400 MHz, CDCl3): 
 (ppm) = 7.23 (dd, J = 5.6, 3.2 Hz, 2H, Harom), 7.09 (dd, J = 5.6, 3.6 Hz, 2H, Harom), 
4.23 (q, J = 7.2 Hz, 2H, CH2), 1.54 (s, 3H, CH3), 1.42 (s, 3H, CH3), 1.40 (s, 3H, 
CH3), 1.34 (t, J = 7.2 Hz, 3H, CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 174.9, 
144.7, 126.9, 121.3, 80.9, 67.4, 60.6, 29.3, 25.0, 24.7, 13.9. HRMS: m/z calculated 
for C18H27NO3Na [M+Na]+ 328.1883; found 328.1875. Purity > 95% as determined 
by analytical HPLC. 
4.4.1.5 Ethyl 2-((1,1,3,3-tetramethylisoindolin-2-yl)oxy) propanoate (87) 
 
1,1,3,3-Tetramethylisoindolin-2-yloxyl (41) (100 mg, 0.53 mmol, 1.0 eq.) 
and copper turnings (33 mg, 0.53 mmol, 1.0 eq.) were placed in a round bottom 
flask, sealed with a rubber septum and placed under an inert atmosphere of argon. 
Acetonitrile (5 mL), previously deoxygenated by argon bubbling (1 hour), was added 
via syringe and the reaction mixture further deoxygenated by argon bubbling (15 
minutes). N,N,N’,N’,N’’-pentamethyldiethylenetriamine (PMDETA) (91 mg, 0.53 
mmol, 1.0 eq.) and ethyl 2-bromopropionate (119 mg, 0.66 mmol, 1.25 eq.) were 
added via syringe and the reaction stirred for 16 hours under an inert atmosphere of 
argon. The reaction mixture was filtered over celite, eluting with dichloromethane, 
and concentrated in vacuo. Purification via silica gel column chromatography 
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(diethyl ether : n-hexanes, 1 : 9) afforded ethyl 2-((1,1,3,3-tetramethylisoindolin-2-
yl)oxy) propanoate (87) as a clear oil (138 mg, 90% yield). Rf = 0.33, diethyl ether : 
n-hexanes, 1 : 9. IR (ATR) νmax = 3029 (=CH), 2977 and 2933 (–CH), 1749 (C=O), 
1485 and 1446 (C=C) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.23 (dd, J = 
5.6, 2.8 Hz, 2H, Harom), 7.08 (dd, J = 5.2, 3.2 Hz, 2H, Harom), 4.49 (q, J = 7.2 Hz, 1H, 
CH), 4.27 - 4.19 (m, 2H, CH2), 1.52 (br s, 3H, CH3), 1.48 - 1.47 (m, 3H, CH3), 1.43 - 
1.42 (m, 6H, 2×CH3), 1.38 (br s, 3H, CH3), 1.31 (t, J = 7.2 Hz, 3H, CH3). 13C NMR 
(400 MHz, CDCl3):  (ppm) = 174.0, 145.2, 144.7, 127.4, 127.3, 121.7, 121.5, 81.5, 
68.0, 67.7, 60.7, 30.5, 29.8, 25.5, 25.1, 18.1, 14.3. HRMS: m/z calculated for 
C17H26NO3 [M+H]+ 292.1907; found 292.1918. Purity > 95% as determined by 
analytical HPLC. 
4.4.1.6 2,3-Naphthalic anhydride (95)30 
 
To a round bottom flask equipped with α,α,α’,α’-tetrabromo-o-xylene (12.00 
g, 28.45 mmol, 1.7 eq.), maleic anhydride (1.63 g, 16.62 mmol, 1.0 eq.) and sodium 
iodide (26.67 g, 177.90 mmol, 7.1 eq.) was added anhydrous DMF (70 mL). The 
reaction mixture was stirred at 65 °C for 16 hours. The reaction mixture was poured 
over ice/water and discoloured by the gradual addition of saturated sodium hydrogen 
sulphite. The precipitate thus formed was collected by vacuum filtration and washed 
with a small amount of diethyl ether to afford 2,3-naphthalic anhydride (95) as an off 
white solid (3.03 g, 92% yield). Rf = 0.58, dichloromethane. M.p. 238 - 240 °C, lit.30 
248 °C. IR (ATR) νmax = 1693 and 1670 (C=O), 1625, 1588, 1572, 1470 and 1451 
(C=C) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 8.56 (s, 2H, Harom), 8.15 (dd, J 
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= 6.4, 3.2 Hz, 2H, Harom), 7.82 (dd, J = 6.4, 3.2 Hz, 2H, Harom). HRMS: m/z 
calculated for C12H6O3Na [M+Na]+ 221.0209; found 221.0216. These data are 
consistent with that previously reported by Patney et al.30 
4.4.1.7 2-(Phenylmethyl)-1H-benz[f]isoindole-1,3(2H)-dione (96) 
 
To a solution of 2,3-naphthalic anhydride (95) (9.87 g, 49.8 mmol, 1.0 eq.) in 
glacial acetic acid (300 mL) was added benzylamine (8.17 mL, 74.7 mmol, 1.5 eq.). 
The reaction was brought to reflux and maintained with stirring for 3 hours. The hot 
reaction mixture was poured over ice/water, yielding a white precipitate which was 
collected by vacuum filtration. Recrystallization from ethanol afforded 2-
(phenylmethyl)-1H-benz[f]isoindole-1,3(2H)-dione (96) as an off-white crystalline 
solid (13.45 g, 94% yield). Rf = 0.58, dichloromethane. M.p. 199 - 200 °C. IR (ATR) 
νmax = 3028 (=CH), 2977 and 2937 (–CH), 1695 (C=O), 1601, 1583, 1490 and 1454 
(C=C) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 8.33 (s, 2H, Harom), 8.04 (dd, J 
= 6.4, 3.2 Hz, 2H, Harom), 7.68 (dd, J = 6.4, 3.2 Hz, 2H, Harom), 7.48 (d, J = 7.2 Hz, 
2H, Harom), 7.35 - 7.25 (m, 3H, Harom), 4.92 (s, 2H, CH2). 13C NMR (400 MHz, 
CDCl3):  (ppm) = 167.8, 136.5, 135.4, 130.3, 129.2, 128.82, 128.78, 127.9, 127.8, 
124.8, 41.9. HRMS: m/z calculated for C19H13NO2Na [M+Na]+ 310.0838; found 




4.4.1.8 2-Benzyl-1,1,3,3-tetramethyl-benzo[f]isoindoline (97)  
 
A flame dried 3-neck round bottom flask, equipped with a dropping funnel, 
thermometer and dean-stark apparatus, was placed under a positive pressure of 
argon. Oven-dried magnesium (5.0 g, 205.7 mmol, 11.8 eq.) and a few small crystals 
of iodine were added. The reaction vessel was further dried by repeated flame drying 
under vacuum followed by the reapplication of an inert atmosphere of argon.  
Anhydrous diethyl ether (25 mL) was added, followed by the dropwise 
addition of methyl iodide (6.75 mL, 108.4 mmol, 6.2 eq.). Once the addition was 
complete, the reaction mixture was allowed to return to room temperature. The 
reactive Grignard reagent was added dropwise via a syringe to a solution of 2-
(phenylmethyl)-1H-benz[f]isoindole-1,3(2H)-dione (96) (5.0 g, 17.4 mmol, 1.0 eq.) 
in anhydrous xylenes (50 mL), which was stirred at 120 °C under an inert 
atmosphere of argon. Once the addition was complete, diethyl ether was removed by 
distillation and the reaction heated to reflux for 4.5 hours.  
The reaction mixture was allowed to return to room temperature and 
quenched by the addition of aqueous ammonium chloride (30%). The resulting 
mixture was extracted with chloroform and the combined organic extracts washed 
with a saturated solution of brine, dried over anhydrous sodium sulphate and 
concentrated in vacuo. Purification via silica gel column chromatography (ethyl 
acetate : n-hexanes, 1 : 99) afforded 2-benzyl-1,1,3,3-tetramethyl-benzo[f]isoindoline 
(97) as a white solid (2.14 g, 39% yield). Rf = 0.30, ethyl acetate : n-hexanes, 1 : 99. 
M.p. 96 - 98 °C. IR (ATR) νmax = 3025 (=CH), 2965 and 2924 (–CH), 1603, 1583, 
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1491 and 1450 (C=C) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.84 (dd, J = 
6.4, 3.2 Hz, 2H, Harom), 7.58 (s, 2H, Harom), 7.49 (d, J = 7.2 Hz, 2H, Harom), 7.42 (dd, 
J = 6.0, 3.2 Hz, 2H, Harom), 7.33 - 7.21 (m, 3H, Harom), 4.05 (s, 2H, CH2), 1.41 (s, 
12H, 4×CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 147.8, 143.6, 133.4, 128.4, 
128.1, 127.9, 126.6, 125.2, 119.7, 64.9, 46.4, 28.9. HRMS: m/z calculated for 
C23H26N [M+H]+ 316.2060; found 316.2060. Purity > 95% as determined by 
analytical HPLC. 
4.4.1.9 1,1,3,3-Tetramethyl-benzo[f]isoindoline (98) 
 
A solution of 2-benzyl-1,1,3,3-tetramethyl-benzo[f]isoindoline (97) (1.2 g, 
3.8 mmol) in glacial acetic acid (75 mL) was hydrogenated over 10% Pd/C (75 mg) 
in a Parr hydrogenator at a pressure of 60 psi H2 for 4 hours. The reaction mixture 
was filtered through celite, eluting with ethyl acetate and concentrated in vacuo. The 
concentrated reaction mixture was dissolved in 5M HCl and washed with diethyl 
ether. The combined organic extracts were back extracted with 5M HCl. The 
combined acidic aqueous extracts were basified with 10M NaOH and extracted with 
diethyl ether. The combined organic extracts were washed with water followed by a 
saturated solution of brine, dried over anhydrous sodium sulphate and concentrated 
in vacuo to afford 1,1,3,3-tetramethyl-benzo[f]isoindoline (98) as a white solid (848 
mg, 99% yield). M.p. 96 - 97 °C. IR (ATR) νmax = 3052 (=CH), 2963 and 2923 (–
CH), 1604, 1500 and 1458 (C=C) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.84 
(dd, J = 6.0, 3.6 Hz, 2H, Harom), 7.56 (s, 2H, Harom), 7.43 (dd, J = 6.0, 3.2 Hz, 2H, 
Harom), 2.08 (s, 1H, NH), 1.57 (s, 12H, 4×CH3). 13C NMR (400 MHz, CDCl3):  
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(ppm) = 148.8, 133.5, 127.9, 125.4, 119.7, 62.4, 32.4. HRMS: m/z calculated for 
C16H20N [M+H]+ 226.1590; found 226.1591. Purity > 95% as determined by 
analytical HPLC. 
4.4.1.10 1,1,3,3-Tetramethyl-benzo[f]isoindolin-2-yloxyl (99) 
 
To a solution of 1,1,3,3-tetramethyl-benzo[f]isoindoline (98) (800 mg, 3.55 
mmol, 1.0 eq.) in dichloromethane (100 mL) was added m-CPBA (77% purity) (1.20 
g, 5.33 mmol, 1.5 eq.) in portions. The reaction was stirred for one hour at room 
temperature. 2M Sodium hydroxide (100 mL) was added and the resulting mixture 
stirred vigorously for 15 minutes. The reaction mixture was extracted with 
dichloromethane. The combined organic extracts were washed with water followed 
by a saturated solution of brine, dried over anhydrous sodium sulphate and 
concentrated in vacuo. Purification via silica gel column chromatography (diethyl 
ether : dichloromethane; 1 : 19) followed by recrystallization from ethanol afforded 
1,1,3,3-tetramethyl-benzo[f]isoindolin-2-yloxyl (99) as a yellow crystalline solid 
(828 mg, 97% yield). Rf = 0.50, diethyl ether : dichloromethane, 1 : 19. M.p. 234 - 
235 °C, lit.31 228 - 230 °C. IR (ATR) νmax = 3032 (=CH), 2973 and 2933 (–CH), 
1608, 1579, 1501 and 1463 (C=C), 1433 (NO•) cm-1. HRMS: m/z calculated for 
C16H19NO [M+H]+ 241.1461; found 241.1460. EPR (DCM): N = 1.406 mT. Purity 
> 95% as determined by analytical HPLC. These data are consistent with that 






1,1,3,3-Tetramethyl-benzo[f]isoindolin-2-yloxyl (99) (150 mg, 0.62 mmol, 
1.0 eq.) and copper turnings (40 mg, 0.62 mmol, 1.0 eq.) were placed in a round 
bottom flask, sealed with a rubber septum and placed under an inert atmosphere of 
argon. Acetonitrile (5 mL), previously deoxygenated by argon bubbling (1 hour), 
was added via syringe. Anhydrous THF (5 mL) was added and the reaction mixture 
further deoxygenated by argon bubbling (15 minutes). N,N,N’,N’,N’’-
pentamethyldiethylenetriamine (PMDETA) (108 mg, 0.62 mmol, 1.0 eq.) and (1-
bromoethyl)benzene (139 mg, 0.78 mmol, 1.25 eq.) were added via syringe and the 
reaction stirred for 16 hours under an inert atmosphere of argon. The reaction 
mixture was filtered over celite, eluting with dichloromethane, and concentrated in 
vacuo. Purification via silica gel column chromatography (diethyl ether : n-hexanes, 
1 : 9) afforded (1-((1,1,3,3-tetramethyl-benzo[f]isoindolin-2-yl)oxy)-ethyl) benzene 
(88) as a white solid (201 mg, 93% yield). Rf = 0.55, diethyl ether : n-hexanes, 1 : 9. 
M.p. 67 - 69 °C. IR (ATR) νmax = 3032 (=CH), 2971 and 2928 (–CH), 1605, 1587, 
1496 and 1463 (C=C) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.82 - 7.76 (m, 
2H, Harom), 7.55 (s, 1H, Harom), 7.45 - 7.28 (m, 8H, Harom), 4.91 (q, J = 6.8 Hz, 1H, 
CH), 1.72 (br s, 3H, CH3), 1.62 - 1.60 (m, 3H, CH3), 1.51 (br s, 3H, CH3), 1.35 (br s, 
3H, CH3), 1.03 (br s, 3H, CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 145.2, 
145.0, 144.9, 133.5, 133.4, 128.3, 127.9, 127.5, 127.2, 125.3, 120.1, 119.9, 83.7, 
67.5, 66.9, 30.6, 30.1, 25.9, 25.7, 22.7. HRMS: m/z calculated for C24H28NO [M+H]+ 




yl)oxy) propanoate (89) 
 
1,1,3,3-Tetramethyl-benzo[f]isoindolin-2-yloxyl (99) (150 mg, 0.62 mmol, 
1.0 eq.) and copper turnings (40 mg, 0.62 mmol, 1.0 eq.) were placed in a round 
bottom flask, sealed with a rubber septum and placed under an inert atmosphere of 
argon. Acetonitrile (5 mL), previously deoxygenated by argon bubbling (1 hour), 
was added via syringe. Anhydrous THF (5 mL) was added and the reaction mixture 
further deoxygenated by argon bubbling (15 minutes). N,N,N’,N’,N’’-
pentamethyldiethylenetriamine (PMDETA) (108 mg, 0.62 mmol, 1.0 eq.) and ethyl 
α-bromoisobutyrate (146 mg, 0.78 mmol, 1.25 eq.) were added via syringe and the 
reaction stirred for 16 hours under an inert atmosphere of argon. The reaction 
mixture was filtered over celite, eluting with dichloromethane, and concentrated in 
vacuo. Purification via silica gel column chromatography (diethyl ether : n-hexanes, 
1 : 9) afforded ethyl 2-methyl-2-((1,1,3,3-tetramethyl-benzo[f]isoindolin-2-yl)oxy) 
propanoate (89) as a white solid (206 mg, 93% yield). Rf = 0.38, diethyl ether : n-
hexanes, 1 : 9. M.p. 113 - 114 °C. IR (ATR) νmax = 3025 (=CH), 2974 and 2936 (–
CH), 1724 (C=O), 1608, 1502 and 1462 (C=C) cm-1. 1H NMR (400 MHz, CDCl3):  
(ppm) = 7.82 - 7.79 (m, 2H, Harom), 7.53 (s, 2H, Harom), 7.42 - 7.40 (m, 2H, Harom), 
4.25 (q, J = 6.8 Hz, 2H, CH2), 1.56 - 1.49 (m, 18H, 6×CH3), 1.36 (t, J = 6.8 Hz, 3H, 
CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 175.2, 144.6, 133.3, 127.7, 125.2, 
119.9, 81.3, 67.2, 60.8, 29.9, 25.5, 24.9, 14.2. HRMS: m/z calculated for C22H30NO3 
[M+H]+ 356.2220; found 356.2220. Purity > 95% as determined by analytical HPLC. 
234 
 
4.4.1.13 Ethyl 2-((1,1,3,3-tetramethyl-benzo[f]isoindolin-2-yl)oxy) 
propanoate (90) 
 
1,1,3,3-Tetramethyl-benzo[f]isoindolin-2-yloxyl (99) (150 mg, 0.62 mmol, 
1.0 eq.) and copper turnings (40 mg, 0.62 mmol, 1.0 eq.) were placed in a round 
bottom flask, sealed with a rubber septum and placed under an inert atmosphere of 
argon. Acetonitrile (5 mL), previously deoxygenated by argon bubbling (1 hour), 
was added via syringe. Anhydrous THF (5 mL) was added and the reaction mixture 
further deoxygenated by argon bubbling (15 minutes). N,N,N’,N’,N’’-
pentamethyldiethylenetriamine (PMDETA) (108 mg, 0.62 mmol, 1.0 eq.) and ethyl 
2-bromopropionate (136 mg, 0.78 mmol, 1.25 eq.) were added via syringe and the 
reaction stirred for 16 hours under an inert atmosphere of argon. The reaction 
mixture was filtered over celite, eluting with dichloromethane, and concentrated in 
vacuo. Purification via silica gel column chromatography (diethyl ether : n-hexanes, 
1 : 9) afforded ethyl 2-((1,1,3,3-tetramethyl-benzo[f]isoindolin-2-yl)oxy) propanoate 
(90) as a white solid (200 mg, 94% yield). Rf = 0.36, diethyl ether : n-hexanes, 1 : 9. 
M.p. 77 - 78 °C. IR (ATR) νmax = 2984 and 2937 (–CH), 1735 (C=O), 1608, 1504 
and 1462 (C=C) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 7.82 - 7.79 (m, 2H, 
Harom), 7.53 (s, 2H, Harom), 7.42 - 7.40 (m, 2H, Harom), 4.54 (q, J = 3.2 Hz, 1H, CH), 
4.28 - 4.22 (m, 2H, CH2), 1.64 (s, 3H, CH3), 1.57 - 1.47 (m, 12H, 4×CH3), 1.34 - 
1.31 (m, 3H, CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 174.1, 144.8, 144.4, 
133.54, 133.45, 127.9, 125.5, 120.2, 120.0, 81.7, 67.7, 67.3, 60.8, 30.8, 30.2, 25.8, 
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25.5, 18.2, 14.4. HRMS: m/z calculated for C21H28NO3 [M+H]+ 342.2064; found 




To a round bottom flask equipped with 2-methoxy-1,1,3,3-tetramethyl-2,3-
dihydro-1H-naphtho[2,3-f]isoindole-5,10-dione (83) (100 mg, 0.30 mmol, 1.0 eq.) 
and SnCl2.2H2O (192 mg, 0.85 mmol, 2.8 eq.) was added acetic acid (2 mL) and 
concentrated hydrochloric acid (1 mL). The reaction was heated for one hour at 100 
°C. The hot reaction mixture was cooled in an ice bath. The precipitate thus formed 
was collected by vacuum filtration and washed with cold water. Purification via 
silica gel column chromatography (dichloromethane) afforded 2-methoxy-1,1,3,3-
tetramethyl-1,2,3,10-tetrahydro-5H-naphtho[2,3-f]isoindol-5-one (101) as a white 
solid (91 mg, 95% yield). Rf = 0.45, dichloromethane. M.p. 136 - 138 °C. IR (ATR) 
νmax = 3030 (=CH), 2971 and 2930 (–CH), 1652 (C=O), 1620, 1603, 1588, 1481 and 
1436 (C=C) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 8.37 (d, J = 7.6 Hz, 1H, 
Harom), 8.13 (s, 1H, Harom), 7.61 - 7.57 (m, 1H, Harom), 7.48 - 7.45 (m, 2H, Harom), 7.19 
(s, 1H, Harom), 4.37 (s, 2H, CH2), 3.80 (s, 3H, OCH3), 1.49 (s, 12H, 4×CH3). 13C 
NMR (400 MHz, CDCl3):  (ppm) = 184.2, 151.0, 145.0, 140.5, 140.1, 132.7, 132.1, 
131.7, 128.4, 127.7, 127.0, 121.5, 120.9, 67.2, 67.1, 65.6, 32.7, 29.6, 24.8. HRMS: 






To a round bottom flask equipped with 2-methoxy-1,1,3,3-tetramethyl-
1,2,3,10-tetrahydro-5H-naphtho[2,3-f]isoindol-5-one (101) (206 mg, 0.64 mmol, 1.0 
eq.) and zinc dust (412 mg, 6.50 mmol, 10.2 eq.) was added 2M NaOH (15 mL) and 
0.2M CuSO4.5H2O (1 mL). The reaction was heated for 4.5 hours at 110 °C. The hot 
reaction mixture was cooled in an ice bath. The precipitate thus formed was collected 
by vacuum filtration and washed with cold water. Purification via silica gel column 
chromatography (dichloromethane) afforded 2-methoxy-1,1,3,3-tetramethyl-2,3-
dihydro-1H-naphtho[2,3-f]isoindoline (100) as a white solid (120 mg, 61% yield). Rf 
= 0.75, dichloromethane. M.p. 160 - 162 °C. IR (ATR) νmax = 3041 (=CH), 2979 and 
2931 (–CH), 1465 and 1443 (C=C) cm-1. 1H NMR (400 MHz, CDCl3):  (ppm) = 
8.39 (s, 2H, Harom), 7.98 (dd, J = 6.4, 3.2 Hz, 2H, Harom), 7.70 (s, 2H, Harom), 7.44 (dd, 
J = 6.4, 3.2 Hz, 2H, Harom), 3.86 (s, 3H, OCH3), 1.60 (s, 12H, 4×CH3). 13C NMR 
(400 MHz, CDCl3):  (ppm) = 145.2, 131.9, 131.5, 128.2, 126.0, 125.2, 119.7, 66.7, 
65.7, 29.9, 25.7. HRMS: m/z calculated for C21H24NO [M+H]+ 306.1852; found 






To a solution of 2-methoxy-1,1,3,3-tetramethyl-2,3-dihydro-1H-naphtho[2,3-
f]isoindoline (100) (100 mg, 0.33 mmol, 1.0 eq.) in dichloromethane (50 mL), cooled 
to ~ 0 °C, was added m-CPBA (77% purity) (165 mg, 0.72 mmol, 2.2 eq.) in 
portions. The reaction was stirred for 1.5 hours at ~ 0 °C. 2M Sodium hydroxide (50 
mL) was added and the resulting mixture stirred vigorously for 15 minutes. The 
reaction mixture was extracted with dichloromethane. The combined organic extracts 
were washed with water followed by a saturated solution of brine, dried over 
anhydrous sodium sulphate and concentrated in vacuo. Purification via silica gel 
column chromatography (dichloromethane) followed by recrystallization from 
ethanol afforded 1,1,3,3-tetramethyl-2,3-dihydro-1H-naphtho[2,3-f]isoindolin-2-
yloxyl (102) as a yellow crystalline solid (68 mg, 72% yield). Rf = 0.30, 
dichloromethane. M.p. 236 - 238 °C. IR (ATR) νmax = 3053 (=CH), 2974 and 2929 (–
CH), 1466 and 1448 (C=C), 1431 (NO•) cm-1. HRMS: m/z calculated for 
C20H20NONa [M+Na]+ 313.1437; found 313.1440. EPR (DCM): N = 1.438 mT. 
Purity > 95% as determined by analytical HPLC. 
4.4.1.17 (1-((1,1,3,3-Tetramethyl-2,3-dihydro-1H-naphtho[2,3-f]isoi-
ndolin-2-yl)oxy)-ethyl) benzene (91) 
 
1,1,3,3-Tetramethyl-2,3-dihydro-1H-naphtho[2,3-f]isoindolin-2-yloxyl (102) 
(65 mg, 0.22 mmol, 1.0 eq.) and copper turnings (14 mg, 0.22 mmol, 1.0 eq.) were 
placed in a round bottom flask, sealed with a rubber septum and placed under an 
inert atmosphere of argon. Acetonitrile (5 mL), previously deoxygenated by argon 
bubbling (1 hour), was added via syringe. Anhydrous THF (5 mL) was added and the 
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reaction mixture further deoxygenated by argon bubbling (15 minutes). 
N,N,N’,N’,N’’-pentamethyldiethylenetriamine (PMDETA) (39 mg, 0.22 mmol, 1.0 
eq.) and (1-bromoethyl)benzene (52 mg, 0.28 mmol, 1.25 eq.) were added via 
syringe and the reaction stirred for 16 hours under an inert atmosphere of argon. The 
reaction mixture was filtered over celite, eluting with dichloromethane, and 
concentrated in vacuo. Purification via silica gel column chromatography (diethyl 
ether : n-hexanes, 1 : 19) afforded (1-((1,1,3,3-tetramethyl-2,3-dihydro-1H-
naphtho[2,3-f]isoindolin-2-yl)oxy)-ethyl) benzene (91) as a white solid (74 mg, 84% 
yield). Rf = 0.41, diethyl ether : n-hexanes, 1 : 19. M.p. 82 - 85 °C. IR (ATR) νmax = 
3032 (=CH), 2972 and 2927 (–CH), 1493, 1466 and 1452 (C=C) cm-1. 1H NMR (400 
MHz, CDCl3):  (ppm) = 8.39 (s, 1H, Harom), 8.35 (s, 1H, Harom), 7.99 - 7.95 (m, 2H, 
Harom), 7.71 (s, 1H, Harom), 7.61 (s, 1H, Harom), 7.45 - 7.30 (m, 7H, Harom), 4.94 (q, J = 
6.8 Hz, 1H, CH), 1.77 (s, 3H, CH3), 1.64 - 1.62 (m, 3H, CH3), 1.56 (s, 3H, CH3), 
1.40 (s, 3H, CH3), 1.07 (s, 3H, CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 145.5, 
145.1, 145.0, 131.9, 131.8, 131.4, 128.3, 128.2, 127.6, 127.4, 127.2, 126.2, 126.0, 
125.2, 119.9, 119.7, 83.7, 67.3, 66.7, 30.6, 30.1, 25.9, 25.7, 22.7. HRMS: m/z 
calculated for C28H30NO [M+H]+ 396.2322; found 396.2323. Purity > 95% as 
determined by analytical HPLC. 
4.4.1.18 Ethyl 2-methyl-2-((1,1,3,3-tetramethyl-2,3-dihydro-1H-
naphtho[2,3-f]isoindolin-2-yl)oxy) propanoate (92) 
 
1,1,3,3-Tetramethyl-2,3-dihydro-1H-naphtho[2,3-f]isoindolin-2-yloxyl (102) 
(65 mg, 0.22 mmol, 1.0 eq.) and copper turnings (14 mg, 0.22 mmol, 1.0 eq.) were 
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placed in a round bottom flask, sealed with a rubber septum and placed under an 
inert atmosphere of argon. Acetonitrile (5 mL), previously deoxygenated by argon 
bubbling (1 hour), was added via syringe. Anhydrous THF (5 mL) was added and the 
reaction mixture further deoxygenated by argon bubbling (15 minutes). 
N,N,N’,N’,N’’-pentamethyldiethylenetriamine (PMDETA) (39 mg, 0.22 mmol, 1.0 
eq.) ethyl α-bromoisobutyrate (55 mg, 0.28 mmol, 1.25 eq.) were added via syringe 
and the reaction stirred for 16 hours under an inert atmosphere of argon. The reaction 
mixture was filtered over celite, eluting with dichloromethane, and concentrated in 
vacuo. Purification via silica gel column chromatography (diethyl ether : n-hexanes, 
1 : 19) afforded ethyl 2-methyl-2-((1,1,3,3-tetramethyl-2,3-dihydro-1H-naphtho[2,3-
f]isoindolin-2-yl)oxy) propanoate (92) as a white solid (74 mg, 82% yield). Rf = 
0.17, diethyl ether : n-hexanes, 1 : 19. M.p. 116 - 118 °C. IR (ATR) νmax = 3040 
(=CH), 2976 and 2933 (–CH), 1730 (C=O), 1461 and 1444 (C=C) cm-1. 1H NMR 
(400 MHz, CDCl3):  (ppm) = 8.38 (s, 2H, Harom), 7.98 - 7.96 (m, 2H, Harom), 7.69 (s, 
2H, Harom), 7.44 - 7.42 (m, 2H, Harom), 4.26 (q, J = 7.2 Hz, 2H, CH2), 1.58 - 1.57 (m, 
12H, 4×CH3), 1.53 (br s, 6H, 2×CH3), 1.37 (t, J = 7.2 Hz, 3H, CH3). 13C NMR (400 
MHz, CDCl3):  (ppm) = 175.5, 145.1, 131.9, 131.5, 128.2, 126.0, 125.2, 119.8, 
81.6, 67.2, 61.1, 30.0, 25.7, 25.1, 14.4. HRMS: m/z calculated for C26H32NO3 
[M+H]+ 406.2377; found 406.2375. Purity > 95% as determined by analytical HPLC. 
4.4.1.19 Ethyl 2-((1,1,3,3-tetramethyl-2,3-dihydro-1H-naphtho[2,3-





(65 mg, 0.22 mmol, 1.0 eq.) and copper turnings (14 mg, 0.22 mmol, 1.0 eq.) were 
placed in a round bottom flask, sealed with a rubber septum and placed under an 
inert atmosphere of argon. Acetonitrile (5 mL), previously deoxygenated by argon 
bubbling (1 hour), was added via syringe. Anhydrous THF (5 mL) was added and the 
reaction mixture further deoxygenated by argon bubbling (15 minutes). 
N,N,N’,N’,N’’-pentamethyldiethylenetriamine (PMDETA) (39 mg, 0.22 mmol, 1.0 
eq.) ethyl 2-bromopropionate (51 mg, 0.28 mmol, 1.25 eq.) were added via syringe 
and the reaction stirred for 16 hours under an inert atmosphere of argon. The reaction 
mixture was filtered over celite, eluting with dichloromethane, and concentrated in 
vacuo. Purification via silica gel column chromatography (diethyl ether : n-hexanes, 
1 : 19) afforded ethyl 2-((1,1,3,3-tetramethyl-2,3-dihydro-1H-naphtho[2,3-
f]isoindolin-2-yl)oxy) propanoate (93) as a white solid (74 mg, 85% yield). Rf = 
0.15, diethyl ether : n-hexanes, 1 : 19. M.p. 106 - 108 °C. IR (ATR) νmax = 2977 and 
2934 (–CH), 1736 (C=O), 1467 and 1441 (C=C) cm-1. 1H NMR (400 MHz, CDCl3): 
 (ppm) = 8.38 (s, 2H, Harom), 7.98 - 7.96 (m, 2H, Harom), 7.69 (s, 2H, Harom), 7.44 - 
7.42 (m, 2H, Harom), 4.55 (q, J = 7.2 Hz, 1H, CH), 4.29 - 4.21 (m, 2H, CH2), 1.68 (s, 
3H, CH3), 1.58 - 1.57 (m, 6H, 2×CH3), 1.53 - 1.51 (m, 6H, 2×CH3), 1.33 (t, J = 7.2 
Hz, 3H, CH3). 13C NMR (400 MHz, CDCl3):  (ppm) = 174.1, 131.5, 128.2, 126.0, 
125.2, 120.0, 119.8, 81.7, 60.8, 30.7, 30.2, 25.8, 25.5, 18.3, 14.4. HRMS: m/z 
calculated for C25H30NO3 [M+H]+ 392.2220; found 392.2220. Purity > 95% as 
determined by analytical HPLC. 
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4.4.2 Molar Extinction Coefficient Calculations 
4.4.2.1 1,1,3,3-Tetramethylisoindolin-2-yloxyl (41) in Acetonitrile  
 
Figure 4.28: Molar extinction coefficient calculation of 1,1,3,3-tetramethylisoindolin-2-
yloxyl (41) 
1,1,3,3-Tetramethylisoindolin-2-yloxyl (41) in acetonitrile; stock solution 
0.0000631 mol.L-1 diluted to 0.0000505, 0.0000378, 0.0000252 and 0.0000032 
mol.L-1. Molar extinction coefficient calculated at 269 nm. 
4.4.2.2 1,1,3,3-Tetramethyl-benzo[f]isoindolin-2-yloxyl (99) in 
Acetonitrile  
 
Figure 4.29: Molar extinction coefficient calculation of 1,1,3,3-tetramethyl-
benzo[f]isoindolin-2-yloxyl (99)  
1,1,3,3-Tetramethyl-benzo[f]isoindolin-2-yloxyl (99) in acetonitrile; stock 
solution 0.000117 mol.L-1 diluted to 0.000097, 0.000083, 0.000065 and 0.000042 












































oxyl (102) in Acetonitrile 
 
Figure 4.30: Molar extinction coefficient calculation of 1,1,3,3-tetramethyl-2,3-dihydro-1H-
naphtho[2,3-f]isoindolin-2-yloxyl (102)  
1,1,3,3-Tetramethyl-2,3-dihydro-1H-naphtho[2,3-f]isoindolin-2-yloxyl (102) 
in acetonitrile; stock solution 0.0000114 mol.L-1 diluted to 0.0000095, 0.0000081, 
0.0000063 and 0.0000038 mol.L-1. Molar extinction coefficient calculated at 364 nm. 
4.4.2.4 1,1,3,3-Tetramethylisoindolin-2-yloxyl (41) in tert-Butylbenzene 
 
Figure 4.31: Molar extinction coefficient calculation of 1,1,3,3-tetramethylisoindolin-2-
yloxyl (41)  
1,1,3,3-Tetramethylisoindolin-2-yloxyl (41) in tert-butylbenzene; stock 
solution 0.000285 mol.L-1 diluted to 0.000244, 0.000214, 0.000171 and 0.000131 











































4.4.2.5 1,1,3,3-Tetramethyl-benzo[f]isoindolin-2-yloxyl (99) in tert-
Butylbenzene 
 
Figure 4.32: Molar extinction coefficient calculation of 1,1,3,3-tetramethyl-
benzo[f]isoindolin-2-yloxyl (99)  
1,1,3,3-Tetramethyl-benzo[f]isoindolin-2-yloxyl (99) in tert-butylbenzene; 
stock solution 0.0000599 mol.L-1 diluted to 0.0000499, 0.0000428, 0.0000333 and 
0.0000200 mol.L-1. Molar extinction coefficient calculated at 319 nm. 
4.4.2.6 (1-((1,1,3,3-Tetramethyl-benzo[f]isoindolin-2-yl)oxy)-ethyl) 
benzene (88) in tert-Butylbenzene 
 
Figure 4.33: Molar extinction coefficient calculation of (1-((1,1,3,3-tetramethyl-
benzo[f]isoindolin-2-yl)oxy)-ethyl) benzene (88)  
(1-((1,1,3,3-Tetramethyl-benzo[f]isoindolin-2-yl)oxy)-ethyl) benzene (88) in 











































0.0000414, 0.0000322 and 0.0000223 mol.L-1. Molar extinction coefficient 
calculated at 319 nm. 
4.4.2.7 Ethyl 2-methyl-2-((1,1,3,3-tetramethyl-benzo[f]isoindolin-2-
yl)oxy) propanoate (89) in tert-Butylbenzene 
 
Figure 4.34: Molar extinction coefficient calculation of ethyl 2-methyl-2-((1,1,3,3-
tetramethyl-benzo[f]isoindolin-2-yl)oxy) propanoate (89)  
Ethyl 2-methyl-2-((1,1,3,3-tetramethyl-benzo[f]isoindolin-2-yl)oxy) 
propanoate (89) in tert-butylbenzene; stock solution 0.0000491 mol.L-1 diluted to 
0.0000409, 0.0000351, 0.0000273 and 0.0000164 mol.L-1. Molar extinction 
coefficient calculated at 319 nm. 
4.4.2.8 Ethyl 2-((1,1,3,3-tetramethyl-benzo[f]isoindolin-2-yl)oxy) 
propanoate (90) in tert-Butylbenzene 
 
Figure 4.35: Molar extinction coefficient calculation of ethyl 2-((1,1,3,3-tetramethyl-











































Ethyl 2-((1,1,3,3-tetramethyl-benzo[f]isoindolin-2-yl)oxy) propanoate (90) in 
tert-butylbenzene; stock solution 0.0000439 mol.L-1 diluted to 0.0000384, 
0.0000342, 0.0000308 and 0.0000205 mol.L-1. Molar extinction coefficient 
calculated at 319 nm. 
4.4.2.9 1,1,3,3-Tetramethyl-2,3-dihydro-1H-naphtho[2,3-f]isoindolin-2-yl-
oxyl (102) in tert-Butylbenzene 
 
Figure 4.36: Molar extinction coefficient calculation of 1,1,3,3-tetramethyl-2,3-dihydro-1H-
naphtho[2,3-f]isoindolin-2-yloxyl (102)  
1,1,3,3-Tetramethyl-2,3-dihydro-1H-naphtho[2,3-f]isoindolin-2-yloxyl (102) 
in tert-butylbenzene; stock solution 0.00000895 mol.L-1 diluted to 0.00000746, 
0.00000640, 0.00000497 and 0.00000320 mol.L-1. Molar extinction coefficient 

























ndolin-2-yl)oxy)-ethyl) benzene (91) in tert-Butylbenzene 
 
Figure 4.37: Molar extinction coefficient calculation of (1-((1,1,3,3-tetramethyl-2,3-
dihydro-1H-naphtho[2,3-f]isoindolin-2-yl)oxy)-ethyl) benzene (91)  
(1-((1,1,3,3-Tetramethyl-2,3-dihydro-1H-naphtho[2,3-f]isoindolin-2-yl)oxy)-
ethyl) benzene (91) in tert-butylbenzene; stock solution 0.00000948 mol.L-1 diluted 
to 0.00000813, 0.00000632, 0.00000474 and 0.00000379 mol.L-1. Molar extinction 
coefficient calculated at 362 nm. 
4.4.2.11 Ethyl 2-methyl-2-((1,1,3,3-tetramethyl-2,3-dihydro-1H-
naphtho[2,3-f]isoindolin-2-yl)oxy) propanoate (92) in tert-
Butylbenzene  
 
Figure 4.38: Molar extinction coefficient calculation of ethyl 2-methyl-2-((1,1,3,3-












































f]isoindolin-2-yl)oxy) propanoate (92) in tert-butylbenzene; stock solution 
0.0000117 mol.L-1 diluted to 0.0000098, 0.0000084, 0.0000065 and 0.0000039 
mol.L-1. Molar extinction coefficient calculated at 362 nm. 
4.4.2.12 Ethyl 2-((1,1,3,3-tetramethyl-2,3-dihydro-1H-naphtho[2,3-
f]isoindolin-2-yl)oxy) propanoate (93) in tert-Butylbenzene  
 
Figure 4.39: Molar extinction coefficient calculation of ethyl 2-((1,1,3,3-tetramethyl-2,3-
dihydro-1H-naphtho[2,3-f]isoindolin-2-yl)oxy) propanoate (93)  
Ethyl 2-((1,1,3,3-tetramethyl-2,3-dihydro-1H-naphtho[2,3-f]isoindolin-2-
yl)oxy) propanoate (93) in tert-butylbenzene; stock solution 0.0000106 mol.L-1 
diluted to 0.0000091, 0.0000080, 0.0000064 and 0.0000043 mol.L-1. Molar 
extinction coefficient calculated at 362 nm. 
4.4.3 Photochemical Analyses 
4.4.3.1 General Procedures 
4.4.3.1.1 Photo-Dissociation Studies 
To an EPR spectroscopy tube was added 600 μL of a 1×10-4 mol.L-1 solution 























placed within the EPR spectrometer, irradiated at a wavelength as specified and 
monitored over time. 
4.4.3.1.2 Nitroxide Photochemical Stability in tert-Butylbenzene 
To an EPR spectroscopy tube was added 600 μL of a 1×10-4 mol.L-1 solution 
of an appropriate nitroxide in tert-butylbenzene. The EPR spectroscopy tube was 
analysed as is, or, deoxygenated by the freeze-pump-thaw method, as specified. The 
EPR spectroscopy tube was placed within the EPR spectrometer, irradiated at a 
wavelength as specified and monitored over time. 
4.4.3.1.3 Persistent Radical Effect Studies 
To an EPR spectroscopy tube was added 600 μL of a 1×10-4 mol.L-1 solution 
of an appropriate nitroxide in tert-butylbenzene. The EPR spectroscopy tube was 
deoxygenated by the freeze-pump-thaw method. The EPR spectroscopy tube was 
placed within the EPR spectrometer and subjected to broad range UV irradiation. 
After a time, as specified, the EPR spectroscopy tube was opened to the atmosphere 
and bubbled with air between several scans. 
4.4.3.1.4 Thermal Dissociation Studies 
To an EPR spectroscopy tube was added 600 μL of a 1×10-4 mol.L-1 solution 
of an appropriate alkoxyamine in tert-butylbenzene. The EPR spectroscopy tube was 
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5 Chapter 5 Conclusions and Future Work 
The synthesis, as well as photophysical and photochemical analysis, of novel 
unsubstituted benzophenone- (42 - 44), methoxy substituted benzophenone- (45 - 
47), pyrrolidine substituted benzophenone- (70 - 72), fluorenone- (74 - 76), 
anthraquinone- (77 - 79), phenyl- (85 - 87), naphthyl- (88 - 90) and anthracenyl- (91 
- 93) based photosensitive alkoxyamines have been investigated.  
The examined alkoxyamines were prepared through a range of synthetic 
methodologies, amongst which, lithium-halogen exchange of the key synthetic 
intermediate, 2-methoxy-5-bromo-1,1,3,3-tetramethylisoindoline (55), was central to 
permitting access to the benzophenone motifs (59, 60 and 66), following oxidation of 
their corresponding diphenylmethanolic cores (56, 57 and 65). Removal of the 
methoxyamine protecting groups with m-CPBA (62, 63 and 67) and incorporation of 
the pyrrolidine substituent (69) under Buchwald-Hartwig reaction conditions, 
facilitated formation of the unsubstituted benzophenone- (15 - 16% overall yield, 9 
steps), methoxy substituted benzophenone- (15% overall yield, 9 steps) and 
pyrrolidine substituted benzophenone- (9% overall yield, 10 steps) based 
alkoxyamines under ATRA reaction conditions. 
Continuation of the lithium-halogen exchange approach permitted access to 
both the fluorenone- (74 - 76) and anthraquinone- (77 - 79) based alkoxyamines. 
Dehydrogenative cyclization of the previously prepared benzophenone-based 
methoxyamine (59) provided expedient access to the fluorenone-based 
methoxyamine (80) (30% yield). Formation of the fluorenone-based methoxyamine 
(80) then facilitated formation of the fluorenone-based alkoxyamines (74 - 76) under 
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ATRA reaction conditions, following removal of the methoxyamine protecting group 
(81) (4% overall yield, 10 steps).  
Furthermore, following lithium-halogen exchange to afford the carboxyl 
substituted benzophenone-based methoxyamine (82), dehydrative cyclization 
provided direct access to the anthraquinone-based methoxyamine (83). Formation of 
the anthraquinone-based methoxyamine (83) then facilitated formation of the 
anthraquinone-based alkoxyamines (77 - 79) under ATRA reaction conditions, 
following removal of the methoxyamine protecting group (84) (6% overall yield, 9 
steps).  
In addition, the anthraquinone-based methoxyamine (83) provided a 
convenient synthetic route toward the anthracenyl-based methoxyamine (100). The 
anthracenyl-based methoxyamine (100), prepared through a two-step reduction of the 
anthraquinone-based methoxyamine (83), facilitated formation of the anthracenyl-
based alkoxyamines (91 - 93) under ATRA reaction conditions, following removal of 
the methoxyamine protecting group (102) (3% overall yield, 11 steps).  
Whilst lithium-halogen exchange was central to the preceding synthetic 
approaches, both the phenyl- (85 - 87) and naphthyl- (88 - 90) based alkoxyamines 
were prepared through parallel synthetic approaches involving exhaustive 
methylation of their respective phthalimide precursors (52 and 97). Hydrogenolysis 
(94 and 98) and oxidation to afford the phenyl- (41) and naphthyl- (99) based 
nitroxides then facilitated formation of their corresponding alkoxyamines (85 - 87 
and 88 - 90 respectively) under ATRA reaction conditions (21 - 23% overall yield, 5 
steps (85 - 87) and 33% overall yield, 5 steps (88 - 90)).  
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Photophysical investigation of the benzophenone- (42 - 47 and 70 - 72), 
fluorenone- (74 - 76), anthraquinone- (77 - 79), phenyl- (85 - 87), naphthyl- (88 - 90) 
and anthracenyl- (91 - 93) based photosensitive alkoxyamines revealed that in each 
case the absorbance properties of the prepared alkoxyamines were consistent with the 
parent chromophores. Moreover, the incorporated isoindoline motif imparted only a 
modest effect on the photophysical properties of the prepared compounds. 
Accordingly, good correlations between the excited state processes of the prepared 
photosensitive alkoxyamines and their parent chromophores were observed. 
Photochemical investigation of the benzophenone- (62, 63 and 69) and 
anthracenyl- (102 and 91 - 93) based systems demonstrated that HAT and 
photochemical dimerization were competitive excited state processes, limiting the 
photo-dissociation efficiencies of the benzophenone- (42 - 47 and 70 - 72) and 
anthracenyl- (91 - 93) based photosensitive alkoxyamines respectively. Accordingly, 
these results demonstrate that competitive excited state processes of chromophores 
need to be considered in the future design of photosensitive alkoxyamines.  
The high photo-dissociation efficiency of the anthraquinone-based 
alkoxyamines (77 and 78) under visible light irradiation provides desirable 
opportunities for the controlled photopolymerization of styrenic and methacrylic 
monomers under low energy visible light irradiation. Additionally, the 
anthraquinone- (77 - 79), benzophenone- (42 - 44) and fluorenone- (74 - 76) based 
alkoxyamines provided valuable insight into the potential role of PET processes, 
which may precede photo-dissociation of photosensitive alkoxyamines. Further 
photochemical investigation of the anthraquinone-based alkoxyamines (77 - 79) may 
provide direct evidence for the involvement of PET processes. Detection of the 
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anthraquinone radical anion, which would be formed through PET processes, could 
provide direct evidence for the involvement of PET processes in the photo-
dissociation of the anthraquinone-based alkoxyamines (77 and 78). Confirmation of 
the involvement of PET processes would therefore aid in the future design of 
photosensitive alkoxyamines, particularly in the selection of chromophores. 
Matching the excited state reduction potentials of chromophores to the ground state 
oxidation potential of alkoxyamine moieties could improve the rational design of 
photosensitive alkoxyamines in the future. 
Whilst the styrenic (77) and methacrylic (78) anthraquinone-based 
alkoxyamines demonstrated highly efficient photo-dissociations under UVA and 
visible light irradiation, insufficient excited state energy was proposed to account for 
the low photo-dissociation efficiency of the acrylic anthraquinone-based 
alkoxyamine (79). As the efficiency of photo-dissociation was shown to be directly 
related to the absorbance properties of the anthraquinone motif, photo-dissociation is 
likely to proceed through the lowest triplet state. Accordingly, due to the lack of 
involvement of upper excited electronic states, regardless of the excitation 
wavelength, internal conversion and intersystem crossing to the lowest excited triplet 
state are likely to precede PET processes. Photo-dissociation proceeding through the 
lowest excited triplet state of the anthraquinone motif thereby limits the potential to 
overcome the BDE of the acrylic anthraquinone-based alkoxyamine (79) through the 
application of higher energy UV irradiation. 
In order to investigate the impact of higher energy excited states on the photo-
dissociation efficiencies of photosensitive alkoxyamines, phenyl- (85 - 87), naphthyl- 
(88 - 90) and anthracenyl- (91 - 93) based photosensitive alkoxyamines were 
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examined. Whilst photochemical dimerization of the anthracene motif limited the 
photo-dissociation efficiencies of the anthracenyl-based alkoxyamines (91 - 93), the 
naphthyl-based alkoxyamines (88 - 90) demonstrated highly efficient photo-
dissociation efficiencies under broad range UV irradiation. Importantly, the acrylic 
naphthyl-based alkoxyamine (90) is the first example of a photosensitive 
alkoxyamine capable of efficiently and selectively cleaving an acrylic alkoxyamine 
moiety under UV irradiation. Furthermore, in addition to the high nitroxide 
recoveries obtained, the formation of PREs for the styrenic (88) and acrylic (90) 
naphthyl-based alkoxyamines highlights the styrenic (88) and acrylic (90) naphthyl-
based alkoxyamines as highly relevant candidates for further investigation within a 
photopolymerization context. Whilst a true PRE was not established for the 
methacrylic naphthyl-based alkoxyamine (89), some control was evident, warranting 
further investigation of the methacrylic naphthyl-based alkoxyamine (89), to 
determine the level of control the naphthyl-based nitroxide (99) may impart over the 
photopolymerization of methacrylates. 
Photochemical investigation of the phenyl-based alkoxyamines (85 - 87) 
revealed an inherent, albeit low, photo-dissociation efficiency of the styrenic phenyl-
based alkoxyamine (85) (3%) under broad range UV irradiation. However, under 
similar conditions, no discernible increase in nitroxide concentration was observed 
for either the methacrylic (86) or acrylic (87) phenyl-based alkoxyamines. The 
increased photosensitivity of the styrenic phenyl-based alkoxyamine (85) relative to 
the methacrylic (86) and acrylic (87) phenyl-based alkoxyamines may potentially be 
ascribed to an antenna effect of the incorporated styrenic moiety (85). Formation of 
an excited state styrenic moiety through either direct absorption of UV irradiation, 
or, intramolecular photosensitization, may potentially account for the increased 
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photosensitivity of the styrenic phenyl-based alkoxyamine (85). Furthermore, the 
potential involvement of a styrenic antenna may also account for the increased 
photo-dissociation efficiency of the styrenic benzophenone- (42, 45 and 70), 
anthraquinone- (77), naphthyl- (88) and anthracenyl- (91) based alkoxyamines, 
relative to their corresponding methacrylic (43, 46, 71, 78, 89 and 92 respectively) 
and acrylic (44, 47, 72, 79, 90 and 93 respectively) alkoxyamines.  
Moreover, the involvement of a styrenic antenna could potentially account for 
the deviation in the photo-dissociation efficiencies of the anthraquinone- (77 - 79) 
and naphthyl- (88 - 90) based alkoxyamines from the trend predicted by their 
calculated ground state BDEs (i.e. methacrylic > styrenic > acrylic). In order to 
further investigate the potential involvement of an antenna effect, photochemical 
investigation of less activated primary benzylic anthraquinone- and naphthyl-based 
alkoxyamines could be explored. Increasing the ground state NO-C BDE through 
modulation of the benzylic alkoxyamine moiety, whilst retaining the benzylic aryl 
system, could provide evidence for the potential involvement of an antenna effect.  
Specific objectives were addressed throughout the course of this thesis: 
benzophenone-based alkoxyamines with reduced HAT efficiencies (Chapter 2), 
investigation of excited state redox potentials to PET processes (Chapter 3), and, the 
impact of higher energy excited states to PET processes (Chapter 4). However, the 
broader aim of the work reported herein sought to investigate photosensitive 
alkoxyamines derived from TMIO (41), in an attempt to exploit the high 
photochemical stability of the isoindoline system within the photosensitive 
alkoxyamine design.  
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Synthetic expansion of the isoindoline aryl system furnished benzophenone- 
(42 - 47 and 70 - 72), fluorenone- (74 - 76), anthraquinone- (77 - 79), phenyl- (85 - 
87), naphthyl- (88 - 90) and anthracenyl- (91 - 93) based photosensitive 
alkoxyamines. Though synthetically challenging, due to the yield limiting exhaustive 
methylation of 52 (28% yield) and 97 (39% yield) early in their respective synthetic 
approaches, leading to overall yields as low as 3% (91 - 93), the reward for such 
demanding syntheses was apparent.  
Incorporation of the isoindoline motif within the examined chromophoric 
structures imposed only a modest effect on the absorption properties of the examined 
chromophores. Accordingly, the photophysical properties of the parent 
chromophores were retained in the corresponding alkoxyamines. Furthermore, the 
isoindoline-based nitroxides displayed high photochemical stabilities under visible 
light irradiation (81, 84 and 102), UVA irradiation (62 and 63) as well as moderately 
high photochemical stabilities under higher energy broad range UV irradiation (41 
and 99). Additionally, incorporation of the isoindoline motif into the examined 
chromophores revealed that the isoindoline motif mediated efficient transfer of 
excited state energy between chromophore and alkoxyamine components, as 
exemplified by the anthraquinone- (77 and 78) and naphthyl- (88 - 90) based 
photosensitive alkoxyamines.  
Accordingly, the work reported herein has demonstrated that the isoindoline 
system is ideally suited to the continued examination of photosensitive 
alkoxyamines, for potential application in NMP2, through extension of the 
isoindoline aryl system. 
